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On a Surviving Representative of the Lepidotrichidae (Thysanura) ' 


PEDRO WYGODZINSKY* 
ABSTRACT 


TRICHOLEPIDION _ gertschi was _ found 
decaying bark and in rotten logs of Douglas-fir in the 
mesophytic forest of the northern California Coast 
Range. It is closely related to the Baltic amber Lepido- 
thrix pilifera Menge, differing mainly by the presence 
of ocelli. 7. gertschi (and, by implication, also L. 
pilifera), compared to the remaining Thysanura (families 
Nicoletiidae and Lepismatidae), is characterized by a 
large number of primitive characters, such as lack of 
scales, combined with presence of hypodermal pigment; 
the hypognathous head with exceptionally well developed 
occipital and postoccipital sclerites; the presence of three 
pectinate appendages to the laciniae; weakly developed 
thoracic sternal plates; a large number of abdominal 
stylets and exsertile vesicles; urosternites composed 
of a large, transverse sternite and posteriorly situated 
coxopodites, both elements being well developed even on 
the eighth and ninth segments of the male; the lack of a 


Among insects collected by Dr. W. Gertsch and 
V. Roth in redwood-mixed mesophytic forest of the 
northern California Coast Range, near Piercy, 
Mendocino County, there were found Recent repre- 
sentatives of a species of Thysanura nearly related 
to the Baltic amber Lepidothrix pilifera Menge. 
Personal collecting at the same locality resulted in 
additional specimens. A formal description of the 
taxa involved will be followed by a discussion of 
the systematic position of this insect and its phy- 
logenetical and biogeographical significance. 


LEPIDCTRICHIDAE Silvestri 
Phys.-dk 


Lepidothricinae Silvestri, 1912, Schrift. Ges 
KO6nigsberg 53: 51 
Lepidotrichidae Ander, 
N.F.(2) 38(4) : 57 ‘ 
Body depressed dorsoventrally, elongate, sub- 
parallel. Scales lacking; setae present, simple or 

bifid apically. 

Head hypognathous, not longer than prothorax. 
Postfrontal and epistomal sulcus present; labrum 
distinctly separated from clypeus. Occiput and post- 
occiput well developed. Eyes lateral, well developed. 
Lateral and median ocelli present or absent. Man- 
dibles of orthopteroid type, with anterior and_pos- 
terior articulation on cranium. Lacinia with strongly 


1942, Lunds Univ. Arsskrift, 


June 23, 1961 Partial cost of 
publication of this paper was met by the Department of En 
tomology and Parasitology, University of California, Berkeley 

2 This work was carried out while on leave of absence from 
the Department of Zoology, University of Buenos Aires, Ar 
gentina, under a John Simon Guggenheim Foundation fellowshiy 


1 Accepted for publication 
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under 


proventriculus; and the presence of seven ovarioles in 
each ovary. Specialized characters probably shared by 
both genera of Lepidotrichidae are the five-segmented 
tarsi; the modified ovipositor adapted to insertion of eggs 
into vegetable tissue; a group of specialized setae on the 
dorsal surface of the base of the penis; a very large 
number of testicular follicles; and forwardly directed 
diverticula of the vasa deferentia functioning as sperm 
reservoirs. Pairing of mature sperms in 7 richolepidion 
is considered as a condition precursory to the development 
of spermatophores as observed in the Nicoletiidae; the 
presence of sensory cones on the underside of the median 
caudal filament in the males is equally indicative of re 
lationship with the Nicoletiidae. The Lepidotrichidae are 
considered to be the most archaic known dicondylous in 
sects; their relic character is further stressed by their 
actual geographic distribution. 


chitinized apical teeth and three pectinate and several 
simple membranous projections. Glossae and _ para- 
glossae of labium not subdivided; apical segment of 
labial palp strongly widened. 

Thoracic nota subequal in size, not 
continuous lateral outline. Thoracic sterna weakly 
sclerotized, not forming a fold and not overlapping 
Legs of the usual thysanuran type, with coxa 
Tibial 


bear- 


forming a 


coxae. 
large and strongly flattened dorsoventrally. 
spur small. Tarsi five-segmented. Praetarsus 
ing one median and 1+1 lateral claws. 
Urotergites large, overlapping lateral portions of 
urosternites. Caudal appendages longer than body. 
Sternites large, transverse; coxopodites posteriorly 
situated, well developed on segments II-IX. Stylets 
on segments II-IX ; 1+1 functional exsertile vesicles 
on segments II-VII. Coxopodites of segments VIII 
and IX not covering base of genitalia; eighth uro- 
sternite of female lacking median platelike sclerite 
overlaying base of ovipositor. Coxopodites VIII and 
IX of male bearing structures homologous with 
exsertile vesicles (nonfunctional vesicles on VIII, 
parameres on IX). Ovipositor of fe- 
male composed of anterior and posterior gonapoph- 


Penis large. 


yses ; gonangulum present. 
Type of family: Lepidothrix Silvestri, 1912 


Tricholepidion, new genus 
General characters as described for the family. 
Body and appendages with hypodermal pigment 


Setae divided into microchaetae and macrochaetae. 
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lrichobothria present on antennae and caudal fila- 
ments. 

Antennae about as long as body. 
small, rounded. 

Suture between fourth and fifth less distinct than 
between remaining tarsal segments. First and second 
segments long, subequal in length, fifth shorter, third 
and fourth the shortest. 

Median terminal filament of male ventrally near 
base with groups of sensory cones. Urosternites with 
well developed apotome; coxopodites about as long 
as sternites; urosternite I reduced to a simple trans- 


Ocelli present, 


1 


Head, frontal view. Fic. 4 


Tricholepidion gertschi gen. n., sp. n. 
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Fic. 1—Female, dorsal aspect. Fic. 2.—Female, ventral aspect. 
Paired spermatozoa. (Photographs 1-3 by 
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verse sclerite. Nonfunctional vesicles of 
VIII of male with numerous setae. Parameres wider 
than long, not subdivided. Penis composed of one 
basal dorsal, one basal ventral, and one apical an- 
nular sclerite ; opening terminal. Basal dorsal sclerite 
with a transverse band of anteriorly and downwardly 
directed Coxopodites VIII and 
especially IX of female subvertical, sheathing base of 
ovipositor. Gonapophyses conspicuously compressed 
laterally and pointed apically, multi-pseudosegmented., 
not fused to each other, more strongly sclerotized on 
distal portion. 


segment 


specialized setae. 


> 


Fic. 3.— 
Ueshima ) 


3 the author, 4 by Norihiro 
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Type of genus: Tricholepidion gertschi, sp. n. 

The new genus differs from Lepidothrix by the 
presence of ocelli; specimens from the Baltic amber 
should be re-examined to see if ocelli have been over- 
looked, or if additional differences can be discovered. 
The “drei knopfférmige Ommatidien” described by 
von Olfers (1907) for his Klebsia horrens (a syno- 
nym of Lepidothrix pilifera) are evidently not ocelli 
but probably air bubbles, to judge from his fig 3. 


Tricholepidion gertschi, new species 

MALE AND FeEMALE.—Maximum length of body 12, 
of antennae 9, of caudal appendages 14 mm. General 
color yellowish grey; violaceous hypodermal pigment 
present on head, body and appendages. Shape as 
in fig. 1; thorax somewhat wider than abdomen, two- 
thirds as long as the latter. Abdomen slightly taper- 
ing towards apex. Bristles short, inconspicuous, 
yellowish. 

Head as in generic description and figs. 1-3, 5-7; 
intensely and rather uniformly pigmented above, less 
strongly so at sides. Eyes black; ocelli white, in 
living and preserved specimens (fig. 3). Antennae 
uniformly violaceous, slightly shorter than body, 
composed of very numerous segments. Flagellum 
with segments wider than long at base (fig. 9), as 
wide as long at middle (fig. 10) and longer than wide 
on apical portion (fig. 11), where they are sub- 
divided and arranged in chains of two or three ele- 
ments. Setae simple, arranged in two or three whorls. 
First segment of flagellum with six trichobothria; 
second to fifth segments with two; 6th, 8th, 10th, 12th, 
etc., without trichobothria; 7th, 9th, 11th, etc., to 
21st, with two, and 23d, 25th, 27th, etc., with one 
trichobothria. Antennae of male lacking secondary 
sexual characters. 

Mandibles stout, strongly chitinied apically, their 
chaetotaxy and details of molar and incisive region 
as in figs. 12-14. 

Maxillae as in generic description. Segments of 
maxillary palp subcylindrical, beset with short setae, 
their relative length as in fig. 15; apical segment 
distally with 5-6 sensillae formed by a basal cylindri- 
cal section and 3-5 smooth, fingerlike apical pro- 
jections (fig. 16). Galea membranous, with two 
short apical sensory cones (fig. 17). Lacinia distally 
with three strongly chitinized, pointed teeth between 
which are two extremely tenuous elongate processes 
bearing a few apical projections (figs. 18, 19) ; inner 
surface of lacinia with three pectinate and six simple 
processes arranged in one row. 

Labium as in fig. 20; glossae and paraglossae 
short. Palp short, third article somewhat widened 
towards apex, fourth subcircular in outline, its pos- 
terior surface with setae uniformly distributed (fig. 
20), its anterior surface (fig. 21) somewhat depressed 
longitudinally along middle, depression lacking setae. 
Three anterior large sensory papillae composed 
mostly of small sensillae, three posterior sensory 
papillae mostly of large sensillae (figs. 22-24). 

Shape of thoracic nota as in fig. 1; pigment diffuse 
on disc, more intense along borders. Anterior mar- 
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gin of pronotum and lateral and hind borders of all 
nota with microchaetae and irregularly spaced macro- 
chaetae of varied size, those near anterolateral and 
posterolateral angles the largest (fig. 25). Disc 
of nota with uniformly but irregularly arranged 
microchaetae and scattered, irregularly distributed, 
rather short macrochaetae (fig. 25). Ventral portion 
of thorax lacking pigment. Sterna with irregularly 
distributed small setae, at center posteriorly with 
1+1 macrochaetae. 

Legs as in generic description and figs. 27-30. 
Pigment of coxa, trochanter, and apical three seg- 
ments of tarsus diffuse, intense on femur, tibia, and 
the two basal tarsal segments. Distribution of macro- 
chaetae as in fig. 28. Claws simple (figs. 29,30). 

Pigment pattern of urotergites as in fig. 31. Tenth 
tergite wider than: long, slightly salient and rounded 
behind (figs. 31, 33). Disc of tergites with numerous, 
irregularly distributed microchaetae and _ scattered, 
rather short macrochaetae (figs. 32, 33); posterior 
margin with macrochaetae of varied size, those near 
posterolateral Dey 33). 
Caudal filaments subequal in length, conspicuously 
annulated with light and dark, the darker portions 
the widest (fig. 1). Segments beset with 1-2 whorls 
of short and long setae, and several trichobothria 
(fig. 35). Basal segments of median filament of male 
ventrally with 3-4 groups of 2-5 heavily chitinized 
short sensory cones (fig. 34). 

Urosternites I-VII lacking pigment, with excep- 
tion of 1+1 small spots situated anterior to insertion 
of stylets; segments VIII and IX and all stylets 
pigmented. Structure of urosternites as in generic 
description. Apotomes bare. Setae of sternites and 
coxopodites of rather uniform size, somewhat stronger 


angles the longest (figs. 


and more elongate at posterior margin of sclerites 
(figs. 36-39). Chaetotaxy of exsertile vesicles as in 
fig. 37. Stylets ventrally with about five longi- 
tudinally arranged macrochaetae (figs. 36, 38, 39) ; 
length of stylet about equal to that of sternite; apical 
spine one-third as long as stylet, its structure as in 
fig. 41. Nonfunctional vesicles of segment VIII of 
male distinctly pigmented, with simple bristles only 
(fig. 38). 

Parameres large, wider than long, their chaetotaxy 
as in figs. 39, 40. Penis large, about as long as 
urosternite IX. Basal dorsal sclerite laterally with 
very small setae, group of large specialized setae as 
in generic description and figs. 42-44. Basal ventral 
sclerite and apical annular sclerite subequal in length 
(fig. 39), the former with numerous short bristles 
on dise and 8-10 macrochaetae along posterior mar- 
gin; apical sclerite with simple setae which become 
very numerous and short on distal portion. 

Genital region of female as in generic description 
and figs. 45-47. Ovipositor surpassing apex of stylets 
IX by about the length of the latter. Gonapophyses 
composed each of about 25 segments which are much 
wider than long and bear only isolated very short 
setae, and an apical, more heavily chitinized portion 
which occupies about one-fourth of the total length 
of the gonapophyses, bearing short, subconical, modi- 
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Tricholepidion gertschi gen. n., sp. n. Fic. 5—Head, lateral view. Fic. 6—Head, dorsal aspect. Fic. 7.—Head, 
front view. Fic. 8—Macrochaeta of head. Fic. 9—Segments at base of flagellum. Fic. 10—Same, twenty-first 
segment. Fic. 11—Same, segment of apical portion. F1G. 12.—Mandible. Fics. 13, 14—Apices of mandibles. Fic. 
15.—Maxilla with palp. Fic. 16.—Sensilla of terminal segment of palp. Fic. 17.—Sensory cones of apex of galea. 
Fic. 18.—Apical portion of lacinia. Fic. 19—Same, different view. Fic. 20.—Labium, posterior aspect. Fic. 21.— 
Apical segment of labial palp, anterior surface. Fic. 22.—Sensory papilla of posterior portion of apical segment 
of labial palp. Fics. 23, 24——Same, of anterior portion. Fic. 25.—Lateral portion of pronotum. Fic. 26.—Setae 
of pronotal disc, high magnification. F1c. 27—Outline of femur, tibia, and tarsus of fore leg. Fic. 28.—Hind leg. 
Fic. 29.—Pretarsus, ventral aspect. Fic. 30.—Same, lateral view. Fic. 31—Color pattern of last abdominal 
tergites. Fic. 32—Lateral half of urotergite V. Fic. 33—Urotergite X. Fic. 34.—Base of median caudal filament 
of male, ventral aspect. Fic. 35.—Segment of basal portion of cercus. (Drawings by the author.) 


fied setae, very numerous on anterior and only about P. Wygodzinsky (several 66 and 2 2, paratypes, 

three on posterior gonapophysis (figs. 48-50). California Academy of Sciences, British Museum 
MATERIAL EXAMINED.—2 miles N of Piercy, Men-  [Nat. Hist.], and author’s collection); ibid., May 

docino Co., California, August 19, 1959, W. J. 13, 1961, J. F. Lawrence (1 ¢). 

Gertsch and V. Roth (1 ¢ holotype, 1 2 allotype, Internal Anatomy.—Alimentary canal straight; 

American Museum of Natural History); ibid., April mesenteron much longer than stomodeum or procto- 


20 and 21, 1961, H. V. Daly, O. W. Richards and deum. Proventriculus not developed. Malpighian 
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tubules 12, identical in diameter, arranged in six 
equidistant groups of 6 (fig. 53). Male reproduc- 
tive system (figs. 51-55) with 1+1 elongate testes, 
located at sides of mesenteron, reaching forwards to 
limit of thorax and abdomen, composed each of ap- 
proximately 70 short, free testicular tubules. Each 
vas deferens composed of a basal short, convoluted, 
and narrow duct leading from testes to a wider 
portion which is directed backwards to the genital 
opening, and forwards to form a_ saclike sperm 
reservoir. Ampullae opening apparently separately 
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Tricholepidion gertschi gen. n., sp. n. 
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Fic. 36.—Urosternite V. 
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into apical portion of penis. The two sperm reser- 
voirs overlaying the alimentary canal, of unequal size 
(the right-hand one being much larger than the left- 
hand one), both apparently interconnected near their 
base. Spermatozoa single in testes, paired (fig. 4) in 
all portions of vasa deferentia and sperm reservoirs. 
Female with two ovaries, each composed of seven 
ovarioles, arising serially from one side of respective 
oviduct. Largest oocytes observed elongate oval in 
shape, somewhat pointed at both ends, maximum 
length 1.6, maximum width 0.6 mm. 
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Fic. 37.—Detail of exsertile vesicle of same 


Fic. 38.—Lateral half of urosternite VIII of male. Fic. 39—Urosternite IX of male, with penis (ventral aspect ) 
Fic. 40.—Detail of hind border of paramere. Fic. 41.—Apex of stylet of segment IX. Fic. 42—Coxopodites IX 


and penis, dorsal view. Fic. 43.—Apical urosternites and penis, lateral view. 
high magnification. Fic. 45.—Apical portion of abdomen of female, ventral aspect. 
Fic. 47—Coxopodites VIII and IX with gonangulum and gonapophyses. 
Fic. 49.—Same, modified setae under high magnification. 


with pigmentation shown. 
Apex of anterior gonapophysis. 
posterior gonapophysis. 
Fic. 52.—Same, dorsal 
vas deferens extended. 


aspect. Fic. 53.—Same, 
(Drawings by the author.) 


Fic. 51.—Reproductive system and 
ventral 


Fic. 44.—Base of penis, dorsal view, 
Fic. 46—Same, lateral view, 
FIG. 48 

Fig. 50.—Apex of 
lateral view 
magnification, 


of alimentary canal of male, 
54—Same, detail, higher 


part 
aspect. FIG 
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Biological Data.—All specimens obtained in 1961 
were collected under decaying bark or in rotten wood 
of fallen Douglas-firs (Pseudotsuga menziesii (Mirb.) 
Franco. ), though collecting was not extensive enough 
to ensure that the species might not be encountered 
also under the bark of other trees. No specimens 
were found in the soil, in leaf litter or under rocks. 
Individuals preferred the dryer parts of their niches; 
occasional specimens of the thysanuran Allacrotelsa 
spinulata (Packard) and Nicoletia sp. were found 
in identical situations. When uncovered, Tricholepi- 
dion gertschi would either try to escape at high 
speed, or elevate its above the substratum 
(apparently standing on the tips of its claws) and 
execute vigorous, laterally directed movements of 
the extreme tip of the abdomen and the long erected 
caudal appendages. Examination of the stomach 
contents of freshly captured specimens disclosed 
the presence of vegetable matter; no traces of arthro- 
pods or other animal substances found. In 
captivity, specimens were kept without difficulty on 
a diet of rolled oats, dry yeast, and small pieces of 
wood covered with terrestrial algae. No observations 
on the reproduction of Tricholepidion were made; 
the shape of the ovipositor suggests that eggs are 
inserted into the decaying wooden tissue where the 


body 


were 


species lives. 
DISCUSSION 


Che Lepidotrichidae possess an array of unique 
characters which caused Silvestri (1912) to create 
a separate subfamily for Lepidothrix (the group is 
here accorded family rank, to form with the Nicole- 
tiidae and Lepismatidae the order Thysanura). An 
analysis of these features has to make a clear dis- 
tinction between plesiomorphic (original, primitive) 
and apomorphic (derived) characters in order to es- 
tablish their true significance. 

The following are considered as 
within the framework of the higher primarily wing- 


plesiomorphic 


less insects. 

The combination of lack of scales and presence of 
extensive hypodermal pigment is also found in adults 
of the Monura (Sharov 1957), and the 
first two instars of recent machilids; scales are equally 
lacking in the first instar of the remaining Thysanura 
and in most adult Nicoletiidae. 

The hypognathous head is typical of the Monura, 
machilids, the first instar of Lepisma saccharina L., 
and probably also other lepismatids and _nicoletiids. 
This condition is not maintained in later instars of 
the Nicoletiidae and Lepismatidae. 

The distinctive occipital and postoccipital sclerites 
of Tricholepidion might be homologous with certain 
conspicuous sclerites in the first instar nymph of 
Lepisma saccharina (Sharov 1959, fig. 4) and com- 
parable ones in the adult monuran Dasyleptus brog- 
niarti (Sharov 1959, fig. 3), though a more detailed 


Paleozoic 


analysis seems necessary before formally establishing 


these homologies. 
Ocelli are found in all recent machilids; they have 
been lost in the Nicoletiidae and Lepismatidae. 
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The three pectinate appendages of the lacinia 
seem to represent a plesiomorphic condition; there 
are generally five in the japygids, normally three in 
projapygids, one in the nicoletiids (rarely lost), and 
none in the lepismatids. 

The weakly developed thoracic sternal plates of 
Tricholepidion represent the usual condition in the 
primarily wingless insects; only in the family Lepis- 
matidae are these sclerites large in size and overlap 
the coxae. 

The combination of large transverse abdominal 
sternites and exceptionally well developed, posteriorly 
situated coxopodites would seem to represent a more 
plesiomorphic condition than realized in any other 
group. In the Entotrophi, these sclerites are fused 
to form a single plate. In Recent and Triassic 
machilids (nothing is known in this respect about the 
Monura) the position of the coxopodites is sub- 
lateral, with a tendency for the sternite to be re- 
duced in size. In some Nicoletiidae, conditions are 
similar to those found in the machilids, but in most 
others as well as in the Lepismatidae, the coxopodites 
are fused with the sternites, even in the first instars 
(in the pregenital segments). In this respect, the 
condition of the eighth and ninth segments of the 
male of Tricholepidion is especially noteworthy; 
sternite and coxopodites are both normally developed 
and completely separated ; in all remaining Thysanura 
and in the machilids the sternite is either absent, 
or the ventral region is here occupied by a single 
plate. The large number of stylets and exsertile 
vesicles is also clearly a plesiomorphic feature. Their 
number is the same as in Nicoletia; in the remaining 
Thysanura there is a varied degree of reduction, the 
vesicles being completely lost in the Lepismatidae. 
In the Monura, there are nine pairs of stylets, and 
in the Recent machilids there are eight as in the 
Lepidotrichidae; but vesicles in the machilids are 
found generally from the first segment on. 

The lack of a proventriculus in Tricholepidion 
agrees with conditions found in the machilids and the 
Nicoletiidae; a typical proventriculus is found in the 
Lepismatidae. 

The number of ovarioles per ovary (seven) in 
Tricholepidion agrees with that of the machilids and 
some japygids and appears to represent a primitive 
condition; there are five in Lepisma, Thermobia and 
Ctenolepisma (Lepismatidae), as well as in the 
nicoletiid Atelura; the exact number of ovarioles 
in Nicoletia is not known. 

The apomorphic characters of Tricholepidion can 
be divided into autapomorphic (restricted to one 
taxon only) and synapomorphic (shared by a taxon 
to be compared); only the latter are meaningful for 
establishing relationships (Hennig 1953). The fol- 
lowing attributes are to be considered as autapo- 
morphic (though at least some are shared by the 
intimately related Lepidothrix): the five-segmented 
tarsus; the well developed postfrontal sulcus: the 
modified ovipositor; the group of specialized setae 
on the basal dorsal sclerite of the penis; the large 
number of testicular follicles, and the forwardly di- 
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rected, large, saclike sperm reservoirs of the male. 
The only synapomorphic traits were found in the 
sensory cones of the under surface of the median 
caudal filament of the male, and the pairing of the 
mature spermatozoa in the vasa deferentia. The first 
character is very frequent in the Nicoletiidae, though 
many times accompanied by additional sensory cones 
on the cerci and 10th tergite; the pairing of the 
spermatozoa can be interpreted as a precursory con- 
dition leading to the formation of spermatolophids 
which are universally present in the Nicoletiidae 
(viz., the inclusion of a fixed number of spermatozoa 
in small globular structures previous to their en- 
trance into the spermatophore | Wygodzinsky 1958]) ; 
nothing of this is found in the Lepismatidae. 

It is concluded that the Lepidotrichidae and 
Nicoletiidae share a common ancestor, similar to the 
former, but possessing a smaller number of tarsal 
segments and a more generalized ovipositor, and 
lacking certain intricacies of the male reproductive 
system, though already showing secondary sexual 
characters on the caudal filaments and pairing or 
aggregation of spermatozoa in the genital ducts. The 
Nicoletiidae have diverged from this ancestor mainly 
by becoming subterranean, with the concomitant loss 
of photoreceptors and pigment, reduction or simpli- 
fication of certain structures, and the acquisition of 
spermatolophids. Going backwards in time, we can 
expect to find a group still rather similar in overall 
characters to the Lepidotrichidae, but with the male 
lacking secondary sexual characters and no aggre- 
gation of spermatozoa prior to their entrance into 
the spermatophore. From this hypothetical group 
there can be derived not only the common ancestor 
of the Nicoletiidae and Lepidotrichidae, but also the 
family Lepismatidae. The latter is characterized 
not only by the loss of plesiomorphic features, such as 
the ocelli, pectinate processes of the lacinia, sub- 
divided ventral plates, exsertile vesicles, and large 
number of ovarioles, but also by the acquisition of 
autapomorphic features such as scales, a proventricu- 
lus, ete. 

Though the Lepidotrichidae+Nicoletiidae must be 
opposed as a group to the Lepismatidae, the fact still 
remains that the Lepidotrichidae possess an over- 
whelming number of plesiomorphic traits which make 
them the most archaic Thysanura, and thus the most 
primitive known Dicondylia (Thysanura+ Pterygota, 
Hennig 1953). 
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Though very few species of insects found in the 
3altic amber can with reasonable certainty be said 
to have survived to the present time, the same does 
not hold true for the higher groups, most of which 
are still extant. Ander (1942) included the Lepi- 
dotrichidae tentatively among the extinct relic 
families; their survival in our times is certainly re- 
markable. The condition of this family as a relic 
group is shown not only by the small number of taxa 
it contains and its overall plesiomorphic structure, 
but also by the disjunct distribution (one of the 
critera used by Ander for defining surviving Baltic 
amber groups as relics) with its apparent actual iso- 
lation in the mesophytic Arcto-Tertiary forests of 
Western North America. Whittaker (1961) indi- 
cates that the remnants of the Arcto-Tertiary forest 
which in the Oligocene and Miocene occupied large 
portions of the Northern Hemisphere, are now re- 
stricted, among other locations, to the Klamath re- 
gion and northern California Coast Ranges. There, 
many species belonging to the formerly widely ex- 
tended mesophytic forests have now concentrated and 
survive, often as relics. The story of the Lepi- 
dotrichidae lends additional weight to these data. 
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In Volume 54, Number 3 (May 1961) on page 324, first column, line 15 from bottom, 66% should read 86%. 
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ABSTRACT 


Lycid resemblance among Cerambycidae appears to 
have arisen independently in all three of the subfamilies 
recognized in earlier classifications and in at least four of 
the seven recognized in most current classifications (Prio- 
ninae, Cerambycinae, Lepturinae, Lamiinae). Among Cer- 
ambycidae examined by the author, expression of this 
resemblance has been found in at least 200 species in some 
60 genera in 21 tribes, and a more complete survey of 
existing collections and an analysis of published descrip- 
tions would no doubt increase these figures substantially. 
Lycid resemblance achieves a peak of perfection in the 
cerambycine tribe Pteroplatini and the lamiine tribe Hemi- 
lophini. In these two groups, and the notoriously mime- 


Lycid mimicry is perhaps one of the oldest existing 
forms of mimicry of one type of insect by another. 
Among the Cerambycidae, lycid resemblance occurs 
discontinuously in many sections of the family, and is 
exceeded in frequency only by resemblance to ants, 
bees, and wasps. Lycidlike Cerambycidae were recog- 
nized as such (e.g., by Germar 1824; Guérin-Méne- 
ville 1844) long before Darwin’s On the Origin of 
Species by Means of Natural Selection (1859) pro- 
vided an explanation for such resemblance. It was 
principally due to the field collections of Bates in 
the Amazon Valley (Bates 1861-70), Champion and 
Sallé in Central America and Mexico (Bates 1880- 
85), and Wallace in the Malay Archipelago (Pascoe 
1864-69), that the extent of lycid resemblance among 
Cerambycidae was indicated. However, although the 
diverse nature of lycid resemblance has been briefly 
touched upon by several writers (e.g., Gahan 1913; 
Linsley 1959), no attempt has been made to prepare 
an extensive list of lycidlike Cerambycidae. Support 
of the view that much of this resemblance is mimetic 
has been provided by Marshall (1902), Shelford 
(1902, 1916), Darlington (1938), and Linsley et al. 
(1961). 
nite studies are required before useful generalizations 


Nevertheless, more extensive and more defi- 


on the subject can be made. 

Lycid models for mimicry are usually relatively 
large, flat beetles with broadly expanded, ridged, and 
reticulate elytra, short, serrate antennae, an elongate 
head, and aposematic coloration, commonly being yel- 
low, orange, or red, frequently with contrasting black 
or bluish bands which often involve the apices of the 
elytra. Cerambycidae, on the other hand, are usually 
robust or somewhat cylindrical, with parallel or 
gradually narrowed elytra, long antennae, especially 
in the male, and dull or cryptic coloration, or, if 
brightly colored, the coloration is usually not apose- 
matic. Among cerambycids, lycid mimicry is usually 
indicated or suggested by (1) aposematic coloration 
of the lycid type, (2) a flattening of the body, (3) 
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tic Rhinotragini, the existence of lycid mimicry can 
scarcely be doubted. Elsewhere in the family, lycid re- 
semblance is sporadic and discontinuous and in some cases 
may represent merely fortuitous convergence in coloration 
without ecological significance. In cases in which the lycid 
similarity involves a striking departure from the near 
relatives, the resemblance, if mimetic, is probably Ba- 
tesian. Where it involves principally variations in the pre- 
existing patterns and coloration, Miillerian mimicry may 
be involved. Only detailed ecological studies will reveal 
true relationships beween the cerambycids and the lycids 
which they appear to resemble. 


expansion or flaring of the elytra which are often 
fringed, (4) development of elytral ridges and reticu- 
(5) abbreviation of the antennae or reduc- 
antennal segments in length or 
serration of the antennae or 


lations, 
tion of the outer 
diameter or both, (6) 
tufting of the basal segments in such a way as to 
and (7) prolongation of the head 
These 


appear serrate, 
and mouth-parts. 
developed to varying degrees among the lycidlike 
Cerambycidae, and are most obvious when the modi- 
fications involved represent a departure from the 
features of their near relatives, whether at the species, 


features, of course, are 


generic, or tribal levels. 
(1891) called at- 
tention to the isochroism existing among lycids of a 


Seventy years ago Bourgeois 
given region (e.g., the African species of “Lycus,” 
“Cladophorus,” and ‘“Plateros,” with few exceptions, 
being yellow with the tips of the elytra and disk of the 
pronotum black; the Asiatic species of “the same 
genera” being red or cinnabar, with or without black 
tips on the elytra). Gounelle (1905) has shown that 
the isochroism which is characteristic in a general 
way for the aggregate of species in the broad geo- 
graphical regions is also true on a lesser scale in the 
natural much 
biotic provinces of the Neotropical 


(e.g., the 
sub- 


divisions of smaller areas 

Brasilian 
regions). In some instances this local isochroism may 
be due to convergence, in others it may reflect re- 
lationship (Linsley et al. 1961). When concordant 
geographical color variation is evident in the lycids 
of adjacent regions this concordance may extend to 
the insects which mimic them (Gounelle 1905). 
or more quite different concordant patterns involving 
lycids and their mimics may occur sympatrically 
( Linsley et al. 1961). 

The extent to which lycid resemblance in any given 
case actually represents mimicry, whether of the 
Batesian or Miillerian type, can be determined only 
by ecological studies involving the interrelationships 
of the lycids and cerambycids and the natural selection 
factors at work on each, although no doubt historical 
or residual mimetic forms do occur. It is in the hope 


Two 
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of encouraging such field studies that the present 
list has been prepared. No claim is made that the 
Cerambycidae enumerated here are all lycid mimics, 
although I believe that most of them will eventually 
prove so; nor is the list by any means complete. It 
represents species that I have seen in collections and 
which appear lycidlike to me, my judgment being in- 
fluenced by field contact with living lycids and un- 
doubted cerambycid mimics which join their aggrega- 
tions, principally in southwestern United States and 
northern However, it is not necessary for 
cerambycids to join lycid aggregations in order to 
from predators, 


Mexico. 


derive some degree of protection 
since lycid-mimicking moths have apparently been 
subject to selection for lycid resemblance under 
dispersed as well as aggregated conditions, selection 
resulting from the presence of lycids in the general 
area. 

For the sake of convenience, the following list has 
been arranged according to the Coleopterorum Cata- 
logus, pars 39 (Aurivillius 1913), 52 (Lameere 1913) 
and 73, 74 (Aurivillius 1923-24), subsequently de- 
scribed species having been incorporated into the 
system adopted there. 


SUBFAMILY PRIONINAE 


The Prioninae are predominantly somber colored, 
bulky, nocturnal creatures would be ex- 
pected, lycid resemblance among them is uncommon. 


and, as 


Tribe Derancistrini 

The Derancistrini provide an exception to the gen- 
erally large, somber, nocturnal Prioninae and include 
many small, brightly colored, diurnal forms. Among 
these is the genus Pyrodes Serville. The subgenus 
Esmeralda Thomson includes P. (E.) auratus (Lin- 
naeus) of tropical South America, which breaks up 
into a number of subspecies exhibiting lycid-like 
coloration in varying degrees. The subspecies nigri- 
cornis Guérin, from Goyaz and the Amazon, exhibits 
sexual dichromatism in lycid coloration, the male 
being concolorous rufotestaceous, the female more 
commonly having the elytral apices and a transverse 
band in front of middle black, the two black areas 
usually joined by a longitudinal band along the suture 
or, less commonly merging completely so as to leave 
only the humeri rufotestaceous. 


Tribe Tragosomini 


The Tragosomini, like the Prioninae in general, are 
mostly somber, nocturnal forms but contain a few 
exceptions. One of these, the Congolese Sobarus 
poggei Harold, is aposematically colored with trans- 
verse bands of orange and black, but the bands are 
quite regular and not very lycidlike, although I am not 
sufficiently familiar with the Congolese lycid fauna to 
know whether or not models occur with this type of 
pattern. More lycidlike, in my judgment, is the Cen- 
tral American Otheostethus melanuras Bates, which 
is in the size range of Calopteron lycids (14 mm.), 
broad, somewhat depressed, rufotestaceous with the 
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apex of the elytra and the antennae, tibiae, and tarsi 
black. The antennae are serrate, the pronotum ex- 
panded, and the elytra strongly costate, but in these 
features Otheostethus does not depart markedly from 
its less lycidlike relatives, some of which are also 
probably mimetic, resembling chrysomelids. 


SUBFAMILY CERAMBYCINAE 
The tribes at the beginning of the Cerambycinae 
were all assigned that position because the eyes are 
coarsely faceted, a character almost universally as- 
sociated in this family with nocturnal habits. The 


species, as a result, are largely somber colored and 


hide during the day. Lycid resemblance among them 
is rare. 
Tribe Oemini 

Most of the Oemini exhibit coloration and habits 
characteristic of other members of the early ceramby- 
cine An exception is the Brazilian genus 
Temnopis, which includes a number of brightly 
colored species with relatively finely faceted eyes, 
at least one of which, 7. rufithorax Aurivillius, is 
quite lycidlike in appearance, especially in the female, 
which is black with the pronotum testaceous except 
for a black discal spot, and the elytra testaceous ex- 
cept for the humeri and a broad apical black band 
across the apices which are fringed with black hairs. 
The anterior margin of the black band arches to the 
suture but is somewhat sinuate in the fashion of 
Calopteron patterns. Unlike its congeners which ex- 
hibit other styles of coloration, T. rufithorax has the 
elytra slightly but distinctly expanded apically. The 
related genus Sphagoeme contains at least one species, 
S. sahlbergi Aurivillus, which has somewhat lycid- 


series. 


like coloration, but the eyes are coarsely faceted, sug- 
gesting nocturnal habits, and the form is delicate and 
slender. 

In Africa, the genus Coptoeme contains colorful, 
broad, flattened species, at least two of which in- 
cluding C. \urivillius, have coloration 
which might be interpreted as lycidlike. 


nigrotibialis 


Tribe Lepturini 


The Lepturini are mostly brightly colored diurnal 
forms with attenuated elytra which lend themselves 
much more readily to wasp-mimicry than to lycid- 
mimicry. However, lyciform coloration is expressed 
in a number of Neotropical species of Ophistomus, 
Choriolaus, and Euryptera, some of the latter, e.g. 
E. latipennis Serville, E. lyciformis Pascoe, and E. 
patricia Bates, having apically expanded elytra, in 
marked contrast to most members of the tribe. Simi- 
lar form, together with lycid coloration, is exhibited 
by the two Central American species of Mimiptera. 
Lyciform Lepturini are not limited to the New World, 
but are characteristic also of the Indo-Malaysian and 
Indonesian Ephies, which have short, strongly ser- 
rate antennae (only three-fourths the length of the 
body in the male, barely reaching the middle of the 
elytra in the female) and elytra which, rather than 
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tapering, are slightly dilated posteriorly. In Ephies 
the elytra may be all red (e.g., coccineus Gahan) or 
tipped with black (e.g., sulcipennis Bates, dilaticornis 


Pascoe). This last is considered a Miullerian mimic 
of Metriorrhynchus kirschi (C. Waterhouse) by Shel- 
ford (1902), who has figured model and mimic. 


Tribe Dorcasomini 


The Dorcasomini are mainly African, only one 
genus occurring in the New World, the Nearctic 
Desmocerus. Many of the species, including some 
Desmocerus, are large and conspicuously colored, 
suggesting that their patterns may be aposematic be- 
cause of distasteful qualities. If so, the appearance 
of lycidlike coloration may result from Millerian 
mimicry. In any event, such patterns are exhibited 
by the large, subcylindrical Dorcasomus delagorguei 
Guérin of Natal and D. gigas Aurivillius of Uganda, 
both species having yellow elytra with blue or blue- 
black apices. Aphelogaster apicalis Aurivillius is also 
large and somewhat cylindrical but the elytral apices 
are expanded and more lyciform. The appendages, 
a mid-line on the head, the sides of the pronotum, 
and the apices of the elytra are black, the anterior 
margin of the apical dark area being sinuate, as in 
many species of Lycus. 

Lycosomus mirabilis Aurivillius (1903), described 
from Cameroun as a cerambycid, is apparently a 
megapodine chrysomelid first described from adjacent 
Congo as Kuilua africana Jacoby (see Jacoby and 
Clavereau, 1905, Genera Insectorum, fasc. 33, pl. 2, 
fig. 4). This species is lycidlike in form and colora- 
tion, the body being flattened, the pronotum rounded 
or subangulate, widest at the middle, the elytra dilated 
posteriorly and the antennae serrate. The color is 
yellow with a brownish stripe on the middle of the 
head and pronotum, and the elytral apices broadly 
black, the anterior margin of the black area usually 
being sinuate. The length of the body is 14 mm. 

Tribe Psebtini 

The Psebiini, in the African fauna, include a num- 
ber of large wasplike forms with short elytra (e.g., 
Bottegia, Macropsebium). However, Plectopsebium 
sibutensis Boppe achieves a striking lycidlike appear- 
ance, not by expanding the elytra, which are abbre- 
viated as in other Psebiini, but by expanding the 
exposed hind wings which are held flat. Lycidlike 
coloration results from the yellow elytra and basal 
two-fifths of the hind wings and the broadly black 
apices of the hind wings which, in this case, appear 
to substitute for lycid elytra. With the wings elevated 
it might well suggest a braconid. 

Tribe Rhinotragini 

The Rhinotragini of the American tropics possibly 
constitute one of the most remarkable groups of mi- 
metic Coleoptera, with species and groups of species 
bees, chrysomelid beetles, 
However, lycid 


which resemble 
cantharid beetles, and lycid beetles. 
mimics are in the minority, occurring principally in 


wasps, 
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two genera, the species of which are lycitorm and 
exhibit Calopteron-like coloration. Aechmutes ly- 
coides Guérin and A. armata Gounelle are quite 
similar in form but differ slightly in details of colora- 
tion. Ornistomis bicinctus Thomson is remarkable 
for the fact that the flaring of the elytral apices, which 
contribute to its lycidlike appearance, has been ac- 
complished by expanding each of them both externally 
and internally. As a result, in order to close the su- 
ture, it is necessary for the apices to overlap broadly, 
a situation apparently unique among Cerambycidae. 


Tribe Eroschemini 


Most of the known species in this small tribe are 
Asiatic or Australian. The single New-World genus 
Tethlimmena contains lyciform species, the Central 
American 7. aliena Bates being yellow and _ black, 
with relatively short, black antennae reaching to 
about apical fourth of elytra in the female, apical fifth 
in the male, the third to ninth segments expanded 
externally, third to seventh coarsely fimbriate in- 
ternally, the elytra flattened, apically expanded and 
black-tipped, the sides of the head and pronotum black, 
and the legs black. 

Tribe Pyrestini 

The Pyrestini of Eastern Asia and the Indo- 
Malayan Region contain many reddish forms (e.g., 
Pyrestes) that might be regarded as mimics or po- 
tential mimics of Lycidae; in fact Shelford (1902) 
considers P. eximius Pascoe a Miillerian mimic of 
Metriorrhynchus dispar (C. Waterhouse). In the 
genus Erythrus, species exhibit a transition from nar- 
row, parallel, red forms with black appendages in 
Northern China (FE. fortune: White, E. congruus 
Pascoe), North India (E. Gahan) and 
Assam (E. bicolor Westwood) to broader types with 
the antennae more serrate, the elytral costae fre- 
quently more strongly developed, and the elytral 
apices commonly black-tipped, in Penang (E. lacer- 
tosus Pascoe, E. ignitus Pascoe, E. atricollis Pascoe, 
E. apicatulus Pascoe), Borneo (E. assimilis Auri- 
villius, FE. bimaculatus Aurivillius, E. rotundicollis 
Gahan, E. sternalis Gahan, E. axillaris Aurivillius, 
E. biapicalis Gahan), and Java (E. palliatus Lansb., 
E. rothschildi Ritsema). The Lycostomus of this re- 
gion exhibit a similar color transition from the all- 
red L. aequalis Waterhouse, L. honestus Bourg., L. 
kraatzi Bourg., L. similis Hope, L. rubrocinctus Fair- 
maire, L. nigripes (Fabricius), and L. cardinalis 
Kleine to the black-tipped L. gestroi Bourg., L. 
melanura Blanchard, L. wulpinus Waterhouse, L. 
fraterculus Kleine and L. marginatus (Fabricius) to 
the very black L. borneensis Bourg., of which 
Erythrus biapicalis Gahan appears to be a counter- 
part. Although additional field studies will be re- 
quired to determine the extent to which these, or other 
similarly colored lycids (e.g. Psillitus), are ecologi- 
cally interrelated, Shelford (1916) regarded three 
species of Erythrus mimics of Lycostomus gestrot 
(Bourg.) and one of Metriorrhynchus kirschi (C. 


coccineus 
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Waterhouse) in the section of Borneo where his 
studies were carried out (these are figured in the 
Proc. Zool. Soc. London, 1902, pl. 23, figs. 4-8, 16, 


17,719). 
Tribe Compsocerini 

The New World Compsocerini include at least 
three species which depart markedly from their 
congeners in their lycidlike coloration. All three are 
Brazilian. Orthoschema cardinale Bates has _ red- 
orange elytra with blue-black apices. O. superbum 
Aurivillius yellow elytra with the apices broadly blue, 
and Euryprosopus clavipes White yellowish-red elytra 
with black apices. 

Tribe Heteropsini 

The Neotropical tribe Heteropsini has one genus 
(Mallosoma) in which a number of species depart 
from the coloration of other members of the tribe 
and exhibit Pteroplatus-like coloration. Mallosoma 
sonatum Sahlberg, M. scutellare White, M. tricolor 
Perty, and M. jucundum Gounelle share somewhat 
similar patterns, 7. transversale Chevrolat apparently 
having a quite different Pteroplatus model. The 
West Indian genus Heterops exhibits the color pat- 
tern of the lycid genus Thonalmus. 


Tribe Tropidosomatini 


Tropidosoma spencei Kirby, from Brazil and Ar- 
gentina, is unusually large for a lycid mimic (length 
25-30 mm.) but nevertheless is very lycidlike. The 
pronotum is flared and foliaceous, the elytra strongly 
costate although not much wider apically, and the 
pronotum and elytra exhibit a typical Calopteron 
color pattern. Ctenodes sonata Klug from Brazil is 
a little smaller (length 22-23 mm.), with flabellate 
antennae, a lobed pronotum, and expanded, depressed, 
and strongly costate elytra. In the coloration of the 
head, pronotum and elytra, it departs markedly from 
C. 10-maculata (Olivier) and C. miniata Klug, which 
are hispidlike, after the manner of Erythroplatys 
(Rhinotragini). A third species, Pteracantha fas- 
ciata Newman, is also large (length 20-25 mm.), 
but as in the other two, the coloration is very 
Calopteron-like. The antennae of the female are short 
and serrate and the pronotum in both sexes is multi- 
tuberculate at the sides, the elytra flattened and ex- 
panded apically. 

Tribe Sternacanthini 

At least two species of Sternacanthini, widely 
separated geographically, exhibit lycidlike colora- 
tion. Phyllarthrus africanus Hope has in addition 
heavily serrate antennae and the black-tipped elytra 
are flattened, but not broad or flaring. Batus hirti- 
cornis Gyllenhal, from tropical America, has short 
antennae in the female, with the basal segments 
flattened and densely hairy, long antennae in the male 
but with the outer segments extremely filiform and 
the first three flagellar segments thickened and densely 
hairy, superficially suggesting somewhat short, ser- 
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rate antennae. The elytra are depressed and costate 
but not explanate. By contrast, the congeneric B. 
barbicornis (Linnaeus) has very un-Calopteron-like 
coloration, being variegated with yellow, with yellow 
appendages and the basal half of the antennae an- 
nulated with black. 


Tribe Pteroplatini 


Perhaps no group of Cerambycidae, with the pos- 
sible exception of the Hemilophini, exhibits such a 
potential for lycid mimicry as the Pteroplatini. This 
mimicry is most highly developed in the New World, 
where ecological relationships between lycid models 
and pteroplatine mimics have been established in 
several cases. However, before referring to the New 
World forms, mention should be made of three Afri- 
can genera in which lycid resemblance is well de- 
veloped. Amphidesmus is a group in which all of the 
species exhibit lycid coloration in both sexes and 
short, thickened antennae in the female, but they vary 
in an instructive series from the subcylindrical A. 
analis (Olivier) of South Africa which has the elytra 
flattened and costate but scarcely expanded apically, 
through the slightly expanded A. robustior Aurivil- 
lius and moderately expanded A. westermanni Guérin, 
to the greatly expanded, extremely lyciform 4. 
theorint Aurivillius and A. platyptera Westwood. 
A. analis (Olivier) was considered a Lycus-mimic 
by Marshall (1902, Trans. Ent. Soc. London, pl. 18, 
fig. 25) and A. apicalis Westwood was taken from 
a leaf in the midst of a small group of Lycus (Acan- 
tholycus) elegans Murray by Lepesme (1950, Longi- 
cornia, 1: 587, fig. 1). Pseuderos nigripes Jordan 
and P. clypealis Aurivillius are smaller and less ex- 
panded and bear a remarkable superficial resem- 
blance to their New World lycid-resembling counter- 
parts Pteroplatus variabilis Sallé and P. quadriscopu- 
latus Bates. Further, as in many Pteroplatus, the 
basal segments of the antennal flagellum are flattened, 
widened, and densely hairy. The third genus, Dias- 
tellopterus, contains two chrysomelidlike species, D. 
clavatus Chevrolat and D. ukaikensis Htz., but a 
third species, D. nigricornis Aurivillius, is not only 
lycidlike in coloration, the elytra being yellow with 
black tips and slightly expanded, but the basal an- 
tennal segments are more enlarged and the outer 
segments more flattened and expanded. 

The American Pteroplatini comprise a cluster of 
genera, all of which include species which exhibit 
lycoid resemblance in varying degrees. Because of 
their potential ecological significance, the following 
key is presented to facilitate their identification: 

l. Pronotum not constricted, usually trapezoidal, 
as wide or nearly as wide at base as elytra 

Pronotum constricted, much narrower at base 
than elytra 

Antennae with segments carinate, armed with 
short spines 

Antennae without carinae or apical spines 

Elytra expanded apically, costate, the apices 
separately rounded 

Elytra parallel-sided, not costate, the apices 
conjointly rounded; basal antennal segments 


2(1). 


gt2. 
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penicillate with very long, dense tufts of hair 
Cosmoplatus 
Elytra narrow at base and usually flaring from 
near middle, their greatest width together 
about one-half of their length; pronotum 
with lateral margin rounded or obtusely ele- 
vated, not foliaceous Cosmoplatidius 
Elytra broad at base and gradually widened 
toward apex, their greatest width together 
about two-thirds of their length; pronotum 
with a foliaceous lateral margin__Deltosoma 
Body flattened, elytra broadly explanate, flar- 
ing, quadricostate Pteroplatidius 
Body cylindrical, elytra not flaring, tricostate 
Parathetesia 
Intermediate and posterior femora pedunculate 
and abruptly clavate beyond middle; elytral 
apices with a few marginal hairs but not 
densely fringed 
Intermediate and posterior femora linear or 
gradually enlarged or subclavate near middle 
Body flattened, lyciform 
Body subcylindrical; antennae of male filiform, 
12-segmented, about twice as long as body, 
mandibles of male prominent, horizontal 
Prodontia 
elytra strongly 


Aphylax 


Pronotum tuberculate at sides; 
costate 

Pronotum elytra not cos- 
tate Corynellus 

Elytral humeri rectangular ; pronotum not lobed 
posteriorly 10 
‘lytral humeri projecting forward and embrac- 
ing base of pronotum; pronotum broadly 
lobed posteriorly on each side; elytra ex- 
panded from behind humeri, humeral costa 
very prominent Thelgetra 


Scutellum not or scarcely longer than broad, 
rounded behind or obtusely triangular, apex 
not produced 11 

Scutellum elongate-triangular, apex acute, us- 
ually produced; body subcylindrical 


rounded at sides; 


; Parevander 
Form flattened, lycidlike 12 
Form subcylindrical Athetesis 


Antennae with some or all of the basal seg- 


ments penicillate-fimbriate, outer segments 
cylindrical Pteroplatus 

(Antennae not penicillate-fimbriate, outer seg- 

ments produced at their apices, becoming 
broadly triangular in the male_— Elytroleptus 
The North and Central American Pteroplatini 
have been considered elsewhere (Linsley 1961) and 
will not be here. The South American 
fauna contains several lycidlike genera which are 
not yet known to occur in Central America. All are 
monotypic. Of these, Prodontia and Athetesis exhibit 
lycid coloration but are cylindrical with the elytra 
parallel-sided. Cosmoplatus, although not explanate, 
contributes to its lycid appearance by having the basal 
antennal segments densely penicillate-fimbriate with 
long, black hairs. Aphylax and Thelgetra both have 
expanded, costate elytra. The type species of both are 
widespread and exhibit geographical color variation 
which may reflect different lycid models. Thus, 
Aphylax lyciformis lyciformis (Germar) has the 
elytral humeri, as well as a transverse postmedian 
band, yellow, A. lyciformis bahiae Aurivillius, lacks 
humeri, melanistic form from 


discussed 


the yellow and a 
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Canaca, Brazil, has yellow only on the humeri. Thel- 
getra latipennis Thomson varies in much the same 
way, the typical form having the elytral apices and 
an elongate-oval subbasal spot black, others having 
the basal area more involved with black, and the mela- 
nistic form /uctuosa Gounelle having the elytra all 
black. The most perfect lycid mimics of the tribe, 
however, are the South American species of Ptero- 
platus. Perhaps the simplest way to indicate this 
perfection is to indicate lycid patterns which might 
have served as models. Although some may regard 
such speculation as fruitless, at least it will indicate 
to students of lycids the type of cerambycid pattern 
involved, and vice versa to students of cerambycids. 


Lycid pattern 


Cerambycid pattern 
Pteroplatus 
Buquet 
Pteroplatus transversalis 

Bréme 
Pteroplatus s1 
Buquet 
Pteroplatus 
Suquet 

Pteroplatus pulcher 
Buquet 
Pteroplatus lycoides 
Guérin (Brit. Guiana) 
Pteroplatus lycoides 
Guérin (Brazil) 
Pteroplatus gracilis 
Buquet and Pteroplatus 
rostainei Buquet 


Lycid 

‘alopteron 
Erickson 
‘alopteron fallax 
Kirsch 

‘alopteron scutellare 
Kirsch 

‘allopteron pleioxantha 
Kirsch 
‘alopteron 
3ourg. 
alopteron serratum 
( Linnaeus ) 
‘alopteron brasiliense 
Laporte 

‘alopteron apicale 
Guérin 


pattern 


cyaneum fasciatus 


tturalis 


dimidiatipennis 


flavocinctum 


Tribe Stenaspini 


The Stenaspini as a group are diurnal and charac- 


terized by bright and contrasting coloration. A\l- 
though red coloration (e.g., Stenaspis superbus Auri- 
villius from Bolivia, Sternoplistes temmincki Guérin 
from Japan, etc.), red and black coloration 
Euryphagus pictus Voet from Indonesia, Diceloster- 
nus corallinus Gahan from Formosa, 7 ylosis spp. in 
Mexico, Asiates spp. in eastern Asia, Purpuricenus 
spp. in both the Old and New World, etc.), vellow 
and black coloration (e.g., Crossidius spp. in North 
America, Eleanor medici Bertol. in South Africa, 
etc.) or combinations of the three colors (e.g., 
Eleanor dohrni Fahrs. and Philagathes wahlbergi 
Fahrs. from Africa, Euryclelia cardinalis (Thomson ) 
from Borneo, Pavieia superba Brogniart from Siam, 
etc.) are widespread, the patterns are probably in- 
dependently aposematic and only occasionally lycid- 
like. In such cases the results may reflect coincidence, 
rather than common natural selection. However, 
Marshall (1902) considered Philagathes laetus Thom- 
son to be a Lycus-mimic (see Trans. Ent. Soc. Lon- 
don 1902, pl. 18, figs. 26, 27). If he is correct in 
this assumption, the mimicry may be Miillerian rather 


(ex., 


than Batesian. 

At least five Neotropical exhibit 
Calopteron-like or Lycus-like coloration, although the 
elytra are not expanded apically. These are the Bra- 


species also 
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zilian Eriphus dimidiatus White, which has short, 
serrate antennae and feebly costate elytra, and de- 
parts markedly in coloration from its congeners, the 
pronotum and elytra being testaceous, the former 
with a median stripe, the latter with the apices broadly 
black; the Mexican Paroxoplus poecilus (Bates) and 
P. ornaticollis (Lacordaire) ; and the Central Ameri- 
can “Pleuromenus” semicostatus Bates and the Mexi- 
can “Mannophorus” forrert Bates, the generic as- 
signments of which require review. 

The Indo-Malaysian and Indonesian Euryphagus 
have somewhat lyciform coloration, and short, serrate 
antennae in the female. FE. lundii (Fabricius) was re- 
garded as a Millerian lycid-mimic by Shelford (Proc. 
Zool. Soc. London 1902, pl. 23, fig. 13). 


SUBFAMILY LAMIINAE 


The Lamiini are mostly robust or elongate, with 
the head slanting beneath the body. They are largely 
nocturnal and cryptically colored, bright coloration 
being exceptional. As a result, lycid resemblance is 
rare and restricted. 


Tribe Phytoecini 


Many species of Nupserha, Phytoecia, Oberea, 
Blepisanis, Dirphya, and Nitocris of the Old-World 
tropics have lycidlike coloration. Although these are 
elongate and slender, not lyciform, Marshall (Trans. 
Ent. Soc. London 1902, pl. 18, figs. 24, 28-30) con- 
sidered at least four species to be Batesian lycid 
mimics. Others appear to be mimics of wasps (Gahan 
1913; Linsley 1959). 


Tribe Tetraopini 


The Tetraopini as a group are commonly aposemati- 
cally colored and thought to be distasteful to birds. 
If so, the presence of lycid resemblance among them 
suggests the possibility of Millerian mimicry. Lycid- 
like coloration occurs in Astathes and related Indo- 
Malayan genera (see Pascoe 1864-69; Gahan 1901), 
but the most lycidlike forms known to me are species 
of Cleonaria and Eustathes. Thus, Cleonaria cinga- 
lensis Gahan has slightly depressed, but not expanded, 
testaceous elytra with blue-black apices, and_ short 
antennae with the basal segments thickened and 
penicillate-fimbriate. Eustathes apicalis Aurivillius 
from Sumatra and E£. moultont Aurivillius also have 
modified antennae, the first five flagellar segments 
being thickened and_ penicillate-fimbriate, the outer 
segments successively attenuated to the eleventh 
which is acute. Both have the elytra flattened and 
strongly punctate and costate, but not expanded, the 
base testaceous and the apical half or one-third black. 
E. flava Newman from the Philippines and E. semi- 
usta Pascoe from Amboina do not have the basal an- 
tennal segments modified, nor do black-tipped Chre- 
onoma from the Indo-Malayan Region, such as C. 
venusta Pascoe, C. frontalis Gahan and C. melanura 
Pascoe or the Philippine C. dapsilis Newman, and 
C. dilecta Newman. Momisus melanura Gahan from 
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Queensland is a cylindrical but relatively short beetle, 
yellow-orange with black elytral apices, with the an- 
tennal scape and three segments following densely 
penicillate-fimbriate with black hair (see Gahan 1901, 
pl. 4, p. 11). 

In Africa, Hecphora analis Jordan is testaceous 
with black elytral apices, as are some North American 
Tetraopes. These last, at least, are presumed to have 
aposematic coloration independent of any lycid pat- 
terns and this is probably true of Chreonoma and 


Hecphora. 
Tribe Hemilophini 


The Neotropical Hemilophini may be regarded 
from the evolutionary standpoint as lamiine counter- 
parts of the Pteroplatini and to some extent the 
Rhinotragini, because of the large number of species 
which exhibit mimetic form and coloration. These 
range from the remarkable /tes plagiatus C. Water- 
house, which matches the cassidine chrysomelid 
Pseudomesomphalia latevittata (Boheman) in form as 
well as coloration, to lampyrid- and lycid-resembling 
forms, although many genera are made up of species 
with their own style of coloration (e.g., Adesinus, 
Phoebe, Cirrhicera, etc.). Among the Hemilophini 
with lycidlike coloration, the Mexican genus /’an- 
nychis has the pronotum laterally tuberculate, the 
antennae short but only slightly thickened, and the 
Nevertheless, the 


SErt- 


elytra flattened but not expanded. 
two species are quite lycidlike in coloration, P. 


ceus Thomson having the pronotum vittate and the 
elytra concolorous yellowish, P. ducalis Bates the 
pronotum vittate and the elytra with the humeri and 
apices usually broadly black, but varieties occur with 
Malacoscylus has the third 
with the scape, 


the black areas reduced. 
antennal segment very elongate and, 
densely hairy, the outer segments filiform. It 
tains a number of species with lycidlike coloration 
(e.g., M. cinctulus Bates, M. cirratus Germar), in- 
cluding M. auricomus Bates which also has the elytral 
A species from Peru, the iden- 


con- 


costae well developed. 
tity of which I do not know, is colored almost pre- 
cisely like the pteroplatine Cosmoplatus peruvianus 
Aurivillius, and presumably has the same lycid model. 
Tyrinthia, like Malacoscylus, contains some lyeidlike 
species, including 7. /ycinella Bates, which is yellow- 
ish with the antemedian area and apices of the elytra 
black; and 7. biformis Bates, which is testaceous, the 
pronotum with a black vitta and the elytra either 
wholly yellow or with the apices broadly black. Re- 
lated species of 7 yrinthia (e.g., T. photuroides Bates) 
are lampyridlike. 

The most impressive group of hemilophine lycid 
mimics, however, are to be found in a group of four 
genera which provide counterparts for many of the 
cerambycine Pteroplatus which occur in the same 
region and presumably have the same models among 
Calopteron lycids. These genera all have the elytra 
expanded posteriorly and lyciform. They differ prin- 
cipally in the extent to which the basal antennal seg- 
ments are modified, as follows: 
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Antennae with at least the third segment much 
elongated, thickened, ciliate or fringed with long 
hair 
\ntennae with flagellar segments gradually decreas- 
ing in length, none of the segments fringed with 
long hairs Lycomimus 

Antennae with first two or three flagellar segments 
elongated and densely fringed with long, black 
hair 3 

Antennae with first flagellar segment elongated, 
ciliate but not densely fringed with long, black 
hairs Themnistonoe 

Antennae with first two flagellar segments enlarged, 
fringed Lycidola 
Antennae with first three flagellar segments enlarged, 
fringed Lycaneptria 

As in the case of Pteroplatus, for whatever it may 

be worth, I offer some suggested counterparts among 
the cerambycid and lycid patterns of species which 


2 


occur in the same areas. 


Cerambycid pattern 
Lycomimus albocinctus Mel- 
zer and Lyctdola simula- 
trix Bates 
Lycidola flavofasciatum 
Waterhouse 
Lycidola levipennis 
Gahan 
Lycidola 
3ates 
Lycidola 
Bates 
Lycidola 
Bates 
Lycidola unicolor 
Bates 
Lycidola retifera Waterhouse 
and Themnistonoe reticu- 
lata Waterhouse 


Lvcid pattern 
Calopteron fasciatum 
Fabricius 


Calopteron variegatum 
Kirsch 

Calopteron bifasciatum 
Gorham 

Calopteron bifasciatum 
var. ( Nicaragua) 

Calopteron divergens 
Gorham 

Calopteron 
Gorham 

Calopteron pallidurn 
Gorham 

Calopteron 
Bourg 


belti 
eximia 


planulum isabellina 


textile 


final Hemilophini needs mention- 
ing, the genus Calocosmus of the West Indies. Most 
of the species, such as C. venustus Chevrolat, C. 
dimidiatus Chevrolat, C. nuptus Chevrolat, C. gemina 
Chevrolat, and C. melanura Gahan, are testaceous 
with blue elytral apices, resembling lycids of the 
genus Thonalmus. Their mimetic role has been 
discussed by Darlington (1938). 


One group of 


Tribe Colobotheini 


This group of Lamiinae comprises many brightly 
colored species with diurnal habits and it is not 
surprising to find lycidlike form and coloration, in- 
cluding modifications of the basal antennal segment, 
among them. Two of the genera which contain lycid- 
mucronata (Oli- 


like species are Carterica (e.g., C. 
vier) and C. cinctipennis Pascoe) and Sparna (e.g., 
S. lycoides Thomson and S. platyptera Bates). 


Tribe Saperdini 


At least one genus in this tribe contains lycidlike 
species. Xyaste species not only have coloration sug- 
gestive of lycids, but also modified antennae, the 
basal segments being penicillate-fimbriate, the outer 
segments filiform. Shelford (1916) has graphically 
described the visual effect of the antennae and figured 
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X. invida Pascoe and its model Melampyrus acu- 
tangulus (Bourg.) (Proc. Zool. Soc. London 1902, 
pl. 23, figs. 23, 26). He regards a species of Ditoneces 
as model for X. torrida Pascoe. 
Tribe Calliini 

A number of species in this tribe are mimetic of 
lampyrids. However, Callia lycoides Bates from 
Brazil and C. calopterona Bates from Panama differ 
from their congeners by having a lycidlike appearance. 
The last has thickened, hairy basal segments of the 
antennae and the integumental color is yellowish 
testaceous with a median black vitta on the pronotum, 
and the elytra concolorous or with the suture and 
apices black. 
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Life History and Gall Development of Mordwilkoja vagabunda 
(Homoptera: Aphidae) on Populus deltoides. Part 11—Gall Development ' 


CARLO M. IGNOFFO? ann ALEXANDER A. 


GRANOVSKY 


ABSTRACT 


Fundatrices of this aphid cause the formation of galls 
from leaf stipules of the cottonwood. Prior to gall stimu- 
lation they inhibit elongation of the stem terminals, and 
in Minnesota such elongation is brought to a complete 
stop in about 30 days. Galled stem terminals averaged 
only 79 mm. long at May 30 and showed no growth there- 
after, while nongalled stems continued growing to an 
average length of 252 mm. at August 30. Infested stems 
average 8 leaves, noninfested ones 23 leaves per stem. 
Swelling and reddening of infested stems were the first 
observed symptoms of gall development. Most of the gall 
tissue was formed during early stages of gall growth, and 
subsequent development was confined to cell enlargement, 
changes in cell shape, and development of intercellular 


Much of the previous work on galls was directed 
toward their morphological description and classifi- 
cation. Contributors to this phase prepared keys to 
the galls of the Americas, Asia, Africa, Great Britain, 
Europe, and the Mediterranean Basin. Coincident 
with the study of gall classification, interest 
veloped in gall histology, directed toward explaining 
gall formation and development. These latter studies 
also covered the origin, site of action, and nature 
of the insect stimulus and its effects on host tissue. 
Plumb (1953) has presented an excellent and ex- 
tensive review, which is recommended for those in- 
terested in a more detailed history of gall studies. 


de- 


GALL MORPHOLOGY 


Galls of Mordwilkoja vagabunda are found singly 
or in clusters at the apices of the stems on the cotton- 
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spaces. Galls, at first bright red, became yellow-green and 
finally turned dark brown at maturity, when their height 
ranged from 40 to 60 mm. Their greatest growth occurred 
from June 8 to June 26. Natural exit holes developed 
prior to the appearance of alate fundatrigeniae within the 
galls. There were three general phases in the formation of 
these galls: (1) initial stem inhibition, resulting in ces- 
sation of terminal growth; (2) cell formation and dif- 
ferentiation, explained on the basis of accumulation of a 
growth substance; and (3)-expansion of the laminae, re- 
sulting from increased availability of nutrients that other- 
wise would be used in stem elongation. Gall tissues main- 
tained a meristematic appearance throughout all stages of 
gall development. 


wood, Populus deltoides Marsh. A single cluster may 
have from three to five mature galls and may measure 
Individual mature galls gen- 
The most 


120 mm. in diameter. 
erally are from 40 to 60 mm. in height. 
distinctive characteristic of the mature gall is the de- 
velopment of extensive convolutions at the periphery, 
forming elevated ridges whose subsequent dehiscence 
furnishes exits for the alate fundatrigeniae. At the 
junction of the gall with the stem there is a small 
slit which opens freely into the interior of the gall, 
but it is too small to permit escape by the alate funda- 
trigeniae. The apex of the galled stipule is folded 
back, forming a small, scalelike flap over the opening. 
Young galls are bright red and resemble small roses: 
they become yellow-green as they mature, then turn 
dark brown after the fundatrigeniae leave. 

The interior of the gall contains a large, central, 
main chamber and many smaller peripheral chambers. 
The main chamber branches into and connects with 
the peripheral ones by narrow passages, formed by the 
laminae of the galled stipules. A definite vascular 


main midrib and smaller 


system, consisting of a 
secondary veins, is readily discernible on the inner 


surface. 





ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


HISTOLOGY 


Normal stipules dehisce and fall within 2 to 3 
weeks. For this reason leaves, which were available 
throughout the period of gall development, were used 
to gauge the development of gall tissue. Gall tissue 
and normal tissue were collected from an artificially 
infested tree at various intervals throughout the de- 
velopmental period, and were fixed in Kahle’s solution 
for histological examination. Some tissue was pre- 
served whole, to study changes in gross morphology 
of galls. The general procedure of infiltrating, sec- 
tioning, mounting, staining, drawing, and subsequent 
measurement of preserved tissue followed an outline 
described in a previous study (Ignoffo 1953). 

Two developmental stages were selected for presen- 
tation and description. The first, or primary stage, 
is designated the rose-prehelmet stage of gall de- 
velopment. This stage, which occurred in the field 
after an accumulation of 235 to 261 day-degrees,* 
was identified by the red, roselike appearance of the 
stem apex, the abaxial curling of the apex of the 
galled stipule, and the opened margins of the stipule 
laminae. The second, or mature stage of development, 
was represented by galls that had reached their maxi- 
mum height and had begun to form small, necrotic 
areas on the peripheral ridges. Mature galls were 
collected after an average accumulation of 803 day- 
degrees. 

Each measurement given in table 1 represents the 
average of at least 25 measurements taken from three 
different The histological structure 


to five galls. 


of primary and mature galls, and of normal tissue, is 
The terms cell length and cell 


shown in figure 1. 
used in the text 
perpendicular and parallel to the leaf 


thickness refer, respectively, to 
dimensions 
surface. 

Table 1—Average thickness (in microns) of normal 
tissue and galled tissue in the primary and the mature 
stages of de vel ypment. 


Normal Galled 


Tissue Pri- 


mary 


Pri- 
mary Mature Mature 
17.5 
417.9 
13.2 
448.6 


32.0 


12.1 
148.7 


\daxial epidermis 22 
Menoshwil 98.7 
\baxial epidermis 4k 9.2 
Lamina 122.2 170.0 
Cell strata 8.0 8.0 


Histology of Primary-Stage Laminae 

Adaxial Epidermis.—Cells of the galled epidermis 
were found to be cuboid to cylindrical in shape, ar- 
ranged in a but definite stratum, and 
with a well-defined cuticle girding their outer walls. 
Both galled and normal epidermis were similarly 
formed, and no apparent difference was found in the 
thickness of their cells. 

Mesophyll—Mesophyll of galled tissue could not 
readily be differentiated into the various components 


wavy very 


a developmental threshold of 46° F. (see Ignoffo 


1961) 
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of normal mesophyll—i.e., palisade, palisade par- 
enchyma, and spongy parenchyma. Gall cells, ex- 
clusive of the vascular bundles, generally were 
polyhedral in outline and had thin walls; also, they 
had small nuclei and abundant cytoplasm, lacked in- 
tercellular spaces, and generally represented the type 
of tissue encountered in meristematic regions. There 
Was a vague arrangement of cells similar to normal 
palisade tissue in the area immediately adjacent and 
at right angles to the adaxial epidermis, but the re- 
maining cell strata were irregular. Cells of the 
abaxial regions of the mesophyll were prismatic to 
elliptical in outline, and were arranged parallel to 
the epidermis. Cells of the abaxial layer appeared 
more compact than the strata. 
Generally, there were more cell layers adaxial than 
abaxial to the vascular bundle. 

In normal mesophyll the cells were arranged in 
definite layers. Adjacent to the adaxial epidermis 
were two strata of cylindrical palisade cells, then 
two to three layers of cylindrical palisade parenchyma 
cells; and two to three layers of spongy parenchyma 
cells adjoined the abaxial epidermis. Both the palisade 
and the palisade parenchyma cells were tightly ar- 
ranged, with no apparent intercellular spaces. 

The gall mesophyll was approximately four times 
thicker than normal mesophyll. 

Abaxial Epidermis—Cells of gall epidermis were 
cuboid to rectangular in outline, while normal cells 
were more cylindrical. The abaxial epidermis formed 
the inner surface of the gall, and there some of its 
cells showed secondary modification into trichomes, 
both unicellular and multicellular and with 
The epidermis showed approximately 
thickness 


those of adaxial 


various 
bifurcations. 
a three-fold difference in 
and normal laminae. 


between galled 


Histology of Mature Laminae 


Adaxial Epidermis——The cells of gall epidermis 
were regular in arrangement, with their outer walls 
forming domelike projections. These 
essentially of the same shape as in the primary stage 
of development, but tended to be more cuboid in 
outline. Normal the mature were 
rectangular in outline, forming a regular stratum; 
and their thickness did not differ from that of the 
cells in galled epidermis. 

Mesophyll Tissue.—Galled mesophyll tissue in the 
mature stage had changed very little in cell shape and 
arrangement from such tissue in the primary stage 
of development. Most of the measurable change that 
occurred was attributed to an increase in the size of 


cells were 


cells of stage 


individual cells. 

Normal, differentiated mesophyll of cottonwoods 
had two definite layers of cylindrical palisade cells, 
two to three layers of cylindrical palisade paren- 
chyma, and two to four layers of polyhedral spongy 
parenchyma cells. 

Abaxial Epidermis—Cells of the galled epidermis 
were more rectangular in profile at this stage of de- 
velopment than at the earlier one, and trichomes 
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Fic. 1.—Histological structure of gall tissue and normal tissue for both primary and mature stages of development. 
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were more numerous and more diverse in shape and 
structure. Stomata, with apparently normal guard 
cells, were present. In normal tissues the epidermis 
was composed of rectangular cells in orderly ar- 
rangement, with no trichomes present on their sur- 
faces. Guard cells of the stomata were normal here, 
also. 
DISCUSSION 

Adaxial Epidermis—The more primitive, cu- 
boidal epidermal cells were present at all stages of 
gall development, whereas in normal tissue the 
primitively cuboidal cells developed into rectangular 
cells that were typical of normal leaf epidermis. 
There was no significant increase in height of cells 
from the primary to the mature stage for either galled 
or normal epidermis; after the initial increase in cell 
length, subsequent epidermal growth was restricted 
to an increase in cell width. 

Mesophyll Tissue—Throughout the primary and 
the mature stages of developing galls, the primitive, 
polyhedral cell type characteristic of meristematic 
tissue was retained. In normal tissue the mature 
lamina developed beyond the condition found in the 
primary stage and had mesophyll that was dif- 
ferentiated into the characteristic, cylindrical palisade 
and polyhedral parenchyma cells of a normal leaf. 
The overall changes in cell shape and size of normal 
mesophyll were accompanied by the formation of in- 
tercellular spaces, primarily in the spongy paren- 
chyma. The three-fold difference in lamina thickness 
between normal and galled tissues was the same in 
both stages of lamina development, and the number 
of cell layers showed no increase in either normal 
or galled tissue. The relative increase from primary 
to mature stages also remained approximately equal 
in both normal and galled tissue, so that most of the 
cell division in each occurred during the the early 
stages of development. Subsequent development was 
largely confined to cell enlargement, changes in cell 
shape, and development of intercellular spaces. 

Abaxial Epidermis—tThe cells of galled epidermis 
increased in both length and width by approximately 
one or two times their dimensions in the primary 
stage, and the profiles of the cells changed from 
cuboid-rectangular to elliptical-rectangular. That the 
cells of the adaxial epidermis increased only in width 
and not in length probably was due to the feeding 
of fundatrigeniae within the gall. The only growth 
seen in normal epidermis was an increase in cell 


width. 


GALL GROWTH 


The height of galls—i.e., the distance from the 
insertion of the gall on the stem to its furthermost 


peripheral ridge—was used as an index of overall 


gall growth. Five galls per day were collected and 
measured during the 60-day period from June 1 to 
July 30. Daily averages are presented in figure 2, 
where the shaded portions represent the ranges. Dur- 


ing the growth period, from June 8 to June 26, galls 
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grew 2 mm. per day, and mature galls averaged 40 
to 60 mm. in height. The number of galls developing 
on a stem determined, to some extent, the ultimate 
height attained by each one. Smaller galls were 
generally recorded from stems with more than three 
galls per terminal. 


GALL DEHISCENCE AND SENESCENCE 


appear on the 
These later 


Small, red, blisterlike elevations 
peripheral ridges as the galls mature. 
become necrotic and dehisce to form openings into 
the interior of the galls. These holes, whose develop- 
ment coincides closely with the development of alate 
aphids, normally provide the only exits for issuing 
migrants. In some instances, however, galls were 
prematurely opened by other disturbing agencies, 
such as the tunneling of terminal tip borers. 

To determine the rate and duration of dehiscence, 
20 immature galls were tagged and were observed 
daily. Exit holes were first observed on June 26, 
1 day prior to the first recorded date of alate pres- 
ence. Two days later, on June 28, over 50% of the 
galls were opened, and by July 4 every gall on the 
infested tree had at least one exit hole. Approxi- 
mately 25% of alate migration was completed while 
the galls were dehiscing. 

Twenty immature, green galls on an artificially 
infested tree were also tagged and inspected daily to 
determine the beginning and the rate of their senes- 
cence. Gall senescence is defined as the process of 
turning brown due to general tissue necrosis, and 
galls were considered necrotic when seven-eighths 
of the surface was brown. The earliest record of a 
necrotic gall was on July 9 (1,420 day-degrees) 
and the last on August 2 (2,122 day-degrees). By 
July 16 (1,646 day-degrees), 25% of the galls were 
brown; and the 50% and 75% levels of senescence 
were recorded on July 22 and July 27, respectively. 
Senescence can be used to gauge the decline in the 
population of fundatrigeniae within the galls. 


INHIBITION OF STEM GROWTH 


To determine the rate of inhibition and to fix the 
time when infested stems stopped growing, 20 stem 
terminals were tagged on April 29, 1956, and their 
lengths were measured at regular intervals from that 
date until August 30. On the initial date of the ex- 
periment, 10 of these stems were infested with 5 to 
10 first-instar fundatrices per stem, and the other 10 
were left uninfested. At this time the stems averaged 
28 mm. long, with 6.5 leaves per stem. Average stem 
lengths for both infested and noninfested stems are 
given in table 2 for various subsequent dates, to- 
gether with the gall events associated with these 
averages. 

On August 30 infested stems averaged 79 mm. 
long, while noninfested stems averaged 252 mm. long. 
Inhibition of stem growth of the infested terminals 
was first noted on May 7 and growth had ceased 
by May 30, at which time the growth of these stems 
since April 29 was approximately 62% of that of the 
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Table 2.—Average lengths and growth 
cottonwood stems over a 4-month period. 


; Average length 
Gall event 


Infested Normal 
Stem infestation 28 28 
40 40 
Red-rose stage 52 58 
60 70 
Prehelmet stage 76 99 
d Helmet stage 79 109 
June 79 138 
Gall dehiscence. 79 177 
Tuly Gall senescence 79 238 
Aug. 3{ 79 252 


uninfested stems, and only one-third as much as the 
latter achieved during the 4-month experiment. 
Whereas the noninfested stems did not reach the 
95% level of their total growth until the end of 
July, the infested ones did so before May 30. 


height 


(in millimeters) of 10 


of the poplar vagabond aphid gall. 


fundatrix-infested and 10 normal, noninfested 


Percent of total 
growth 


Average growth 
after April 29 
Infested 


Infested Normal 


100.0 
110 100.0 
149 100.0 
210 100.0 
224 100.0 


93.8 
100.0 


On April 28, 1957, another sample of 107 infested 
and 95 noninfested which represented 
growth from April to November 1956, was collected 


stems, stem 


from three cottonwoods. The presence of leaf scars 


was used to determine the number of leaves per stem. 
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Infested stems from this 
(range, 


while 


sample averaged 120 mm. 
47 to 187 mm.) with 8.1 leaves per 
noninfested stems averaged 299 mm. 
100 to 615 mm.) with 23 leaves per 


long 
stem, 
lc mg 
stem. 


(range, 
GALL FORMATION AND DEVELOPMENT 


develop 
from 


vagabunda from 
stipules of cottonwood leaves, and not young 
leaves as was often assumed by previous authors. 
Normal stipules are located basal and lateral to the 
leaf petiole at we junction with a stem, and usually 
absciss within 2 to 3 weeks. However, once a stipule 
develops into a gall, no abscission layer forms. Galls 
may remain attached to the tree for 2 to 3 years. 
The factors and histological changes that accompany 
are not yet fully under- 


Galls of Mordwilkoja 


this reversal of abscission 
stood. 

Newly hatched fundatrices the old 
galls and fed on apical meristems, which at this stage 
surrounded by young, developing 
leaves. At least two early-instar fundatrices were 
necessary to inhibit, and subsequently arrest, the 
terminal growth of stems and to initiate gall develop- 
shows successive stages in the 
ralled stipules. 


moved from 


were completely 


ment. Figure 3: de- 


velopment of both normal and g 


fir oe 
Lig 
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The normal leaf primordium is formed by the anti- 
clinal and periclinal division of the outer layers of 
the apical meristem and develops into a lateral pro- 
jection off the promeristem which is flattened on its 
adaxial side and rounded on the abaxial one (fig. 3a). 
Shortly after this, a pair of small, lateral structures 
are formed from the basal leaf primordium (fig. 3b) 
which develop into the normal stipule—or, if 
infested, into a gall. To be effective, the initial gall 
stimulus must occur shortly after the formation of 
leaf promeristem from apical meristem, and before 
the differentiation of the stipule marginal meristem. 
The primordia of both stipule and leaf are active 
meristematic areas at their apices. 

Coincident with or immediately after the 
ance of stipule primordia, small lateral ridges develop 
from the marginal meristem which are destined to 
become either stipule laminae or gall laminae (figs. 
3b, 3c). The outermost cell layers of the marginal 
meristem produce the lamina epidermis, while the 
lamina mesophyll is formed from the innermost layers. 
Swelling and reddening of stem terminals, which ex- 
poses the apical meristem, are the first visible signs 
of gall formation. At this point stem terminals re- 
semble fully opened roses, with the apical meristem 
the center and the leaf and stipule primordia forming 
the surrounding “petals.” 


appear- 


NORMAL STIPULE DEVELOPMENT 


3§ \W 
te tT. 


STIPULE PROMERISTEM 


ery 


aM 


iS 1S. 


3g 


GALL STIPULE DEVELOPMENT 


Fic. 3.—Development of normal 


stipules 


and gall stipules (diagrammatic ). 





1961 } 


Histological observations on galled stipules in- 
dicated that the characteristic gall tissue and cell 
layers were formed prior to the initial molt of the 
fundatrix. At the completion of the rose stage the 
fundatrices move from the apical meristem of stem 
terminals and locate individually on the ventral sur- 
face of the affected stipules. Due to the feeding of 
the fundatrix, an abaxial curling of the stipule occurs 
fundatrix within a young, de- 
‘the small, subglobular 


which encloses the 
veloping gall (fig. 3, e-g). 
structure thus formed is the “prehelmet” stage of 
the gall, which is distinguished by its open lamina 
margins and its trichomes. 

Subsequent development forces the margins against 
the stem until the gall chamber is completely isolated. 
Within this chamber the fundatrix com- 
pletes her development and produces all the fundatri- 
geniae, which in turn undergo their entire develop- 
Prior to and during the prehelmet stage 


isolated 


ment here. 
the gall surface is free of invaginations, but with the 
advent of the helmet stage longitudinal folds are 
formed (fig. 3, g-h). These separate the main gall 
chamber into smaller, secondary, peripheral chambers. 

Further development of gall tissue parallels the 
sequences in normal tissue. This includes an in- 
crease in cell size, change in cell shape, and develop- 
ment of intercellular spaces which result in the ex- 
pansion of the gall lamina. Once the basic layers are 
formed, there is little, if any, cell multiplication in 
gall tissues. The characteristic, convoluted appear- 
ance of mature galls (fig. 3j}) is the combined result 
of feeding by fundatrigeniae and expansion of the 
gall lamina. 

Gall development, from its initiation until necrosis, 


averaged 45 days. 


NATURE OF FEEDING STIMULUS 


Two preliminary factors are necessary for pro- 
duction of the poplar vagabond aphid gall. First, 
the fundatrix must apply the stimulus at the site of 
gall action; and, second, the tissue must be in a 
stage of development such that it can be affected by 
this stimulus—that is, active meristematic tissue. 
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These prerequisites may be necessary conditions for 
all insect-produced galls. 

Once these prerequisites are met, the poplar vaga- 
bond gall exhibits three stages of growth. During 
the first phase the fundatrices probably introduce a 
substance that interferes with the breakdown of 
naturally occurring auxins, resulting in auxin ac- 
cumulation in the apical meristem. Throughout this 
period of accumulation infested stems continue to 
grow, but at a slower pace than do normal stems. 
Then, when auxins accumulate beyond a certain level, 
terminal elongation is entirely stopped. 

The same mechanism of auxin accumulation is pro- 
posed as an explanation to account for the transform- 
ing of stipule into gall tissue, and for the subsequent 
termination of gall growth—both of which are 
characteristic of the second phase of gall develop- 
ment. Preliminary studies on extracts both of fun- 
datrices and of gall tissues, using a technique devised 
by Galston and Hand (1949), have indeed shown 
that an inhibitory substance may be present. 

The expansion and growth of the gall lamina which 
distinguishes the third phase is probably due to an 
increase in available nutrients. The nutrients that 
would normally be channeled into stem elongation and 
leaves are now directed 


formation of normal 


into the growth of a few galls. 


many 
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Defense Mechanisms of Arthropods. III. Secretion of 2-Hexenal 
by Adults of the Cockroach Cutilia soror (Brunner )' 


M. S. CHADHA,’? T. EISNER; ann J. MEINWALD* 


ABSTRACT 


Adults of this cockroach, when disturbed, eject a de- 
fensive fluid consisting of 2-hexenal. This chemical de- 
fense mechanism is similar in every major respect to that 


Adults of the cockroach Eurycotis floridana 
(Walker) possess a large abdominal gland (Stay 
1957) whose secretion is ejected forcibly to a dis- 
tance of several centimeters when the animals are 
handled or disturbed. The spray constitutes a potent 
means of defense, being effective against both verte- 
brates and arthropods (Eisner et al. 1959). Its 
active constituent is 2-hexenal (Roth et al. 1956). 

The purpose of this note is to describe a similar 
defense mechanism occurring in another cockroach, 
Cutilia soror (Brunner) several adults of which were 
recently sent to us from Hawaii.’ Cutilia is con- 
siderably smaller than Eurycotis, but otherwise the 
two are quite alike in general appearance, both being 
wingless as adults. They are probably closely related, 
and actually belong to the same subfamily (Blat- 
tinae). No major divergences were expected, there- 
fore, in their glandular apparatuses. The similarity 
of their secretions was, in fact, clearly apparent from 
the outset, the two being indistinguishable in odor. 

The Gland.—Only two adults were dissected, but 
this sufficed to establish the close similarity of the 
gland to that of Eurycotis. The large, bilobed sac 
is situated ventrally in the posterior abdomen, and 
opens by way of a narrow, transverse, midventral 
slit between the sixth and seventh sternites. Figure 
1 shows the gland and portions of the associated 
sternal cuticle. This figure should be compared with 
the illustrations of the gland of Eurycotis given by 
Stay (1957, figs. 1, 2, 3). 

Eurycotis possesses the gland only in the adult. 
The same seems to hold for Cutilia, whose nymphs 
fail to emit the odorous secretion when they are dis- 
turbed. Only first- and second-instar nymphs were 
available for testing. 

Chemical Nature of the Secretion—By means of 
vapor phase chromatography, the preparation of a 
chemical derivative and its paper chromatography, 
the secretion was identified as 2-hexenal (trans). 

The sample for vapor phase chromatography was 
obtained by subjecting several adult cockroaches in 
a small flask to a jet of carbon dioxide. This gas 
causes them to eject the secretion just before anes- 
thesia sets in. The secretion was collected from the 
flask by dissolving in a small amount of methylene 


1 This study was supported by Grant E-2908 of the U. S. 
Public Health Service. Accepted for publication February 10, 1961. 

2 Department of Chemistry, Cornell University, Ithaca, N. Y. 
On leave from Biology Division, Atomic Energy Establishment 
Trombay, Bombay, India. 

’ Department of Entomology, Cornell University. 

‘Department of Chemistry, Cornell University. 
Sloan Foundation Fellow. 

5 We are indebted to 
the cockroaches for us 

® We are indebted to Dr. L. M. Roth, United Fruit Company, 
for supplying the sample of 2-hexenal (Union Carbide & Chemicals 
Corp.) 


Alfred P. 


Miss F. A. McKittrick for collecting 


already known from another cockroach, Eurycotis flori- 
dana (Walker). 


chloride, and was then dried over anhydrous mag- 
nesium sulphate. Gas chromatography of this solu- 
tion was carried out with a Beckman gas chromato- 
graph, model GC-2, using a %4”"x31” aluminum 
column packed with 0.2% polyethylene glycol-400 on 
glass beads. Helium was used as carrier gas at a 
flow-rate of 90 cu.cm. per minute. The retention time 
(1.8 min. at 40° C.) was identical with that of 
synthetic 2-hexenal® (figure 2). 

The sample for infrared analysis was collected as 
above, except that the solvent this time was carbon 
tetrachloride. The spectrum obtained after drying 


Fic. 1—Defensive gland of Cutilia  soror. 
The preparation was treated with KOH and 
stained with Chlorazol Black E, and consists 
of cuticle alone. The large, bilobed sac of the 
gland is shown attached to portions of the sixth 
and seventh abdominal sternites. 


the sample over anhydrous magnesium sulphate was 
identical to that of authentic 2-hexenal (figure 3). 
Comparison with the spectra reported by Roth et 
al. (1956) for the secretion of Eurycotis floridana 
further confirms the identity of the secretions of the 
two cockroaches. 

The 2:4-dinitrophenylhydrazone derivative 
prepared by dissolving the discharge of seven cock- 
roaches in 0.5 ml. of 95% ethanol, followed by addi- 
tion of 0.25 mM 2:4-dinitrophenylhydrazine in phos- 
phoric acid. The orange precipitate formed (2.3 mg.) 
was purified irom the unreacted reagent by chro- 
matography over bentonite : kieselguhr (4:1), ac- 
cording to the procedure of Elvidge and Whalley 
(1955). The melting point of the derivative (1.8 


was 
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Fic. 2—Comparison of the vapor-phase chromatographs of 2-hexenal and the secretion of 


Cutilia soror, in methylene chloride as solvent. 


migration identical to that of an authentic sample 
when subjected to paper chromatography, using 
Whatman No. 1 paper and following the procedure 
of Lynn et al. (1956). Finally, the infrared spectra 
of the hydrazone derivatives from the secretion and 
the synthetic sample were identical. 

Defensive Effectiveness of the Spray.—lInsufficient 
material was available to test Cutilia on predators 

2 - HEXENAL so as to check on the extent to which the secretion 
protects against attack. However, on the basis of 
the demonstrated effectiveness of the secretion of 
Eurycotts (Eisner et al. 1959), one may assume that 
of Cutilia to be equally effective. 

Eisner et al. (1959) demonstrated that the spray 
of Eurycotis is not ejected in a fixed direction, but 
is actually aimed with some accuracy toward the 
region of the body that is subjected to stimulation. 
Several adults of Cutilia were tested by similar tech- 
niques, and the results were identical. 
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Fic. 3.—Infrared spectra of 2-hexenal and the secre- 
tion of Cutilia soror. Perkin-Elmer Infracord Model 137 
with NaCl prism; samples in carbon tetrachloride solu- 
tion; cell thickness 0.5 mm. 





The Higher Classification of the Belostomatidae (Hemiptera) 


DAVID R. LAUCK® anp ARNOLD S. MENKE* 


ABSTRACT 


The seven genera recognized in the Belostomatidae 
pertain to three new subfamilies: LETHOCERINAE, 
with the one genus Lethocerus; HORV ATHINIINAE, 
with the single genus Horvathinia; and BELOSTOMA- 
TINAE, with the five genera Limnogeton, Hydrocyrius 
(=Poissonia, =Diplonychus auctt. nec Laporte), Dip- 
lonychus (=Sphaerodema), Belostoma, and Abedus. 
Only Lethocerus occurs in both hemispheres; Abedus, 


Recent investigations of the Belostomatidae by the 
coauthors have uncovered certain characters, hereto- 
fore not utilized, that are valuable in helping to de- 
termine the species of the family. Menke (1960a, 
1960b) has revised the Old-World Lethocerus Mayr 
and the genus Abedus Stal, while Lauck is revising 
the genus Belostoma Latreille. In preparing these 
papers the authors found the characters of the male 
genitalia to be diagnostic. The present paper ex- 
tends the diagnosis of the male genitalia to the genera, 
with a more critical analysis of the other characters 
previously used in distinguishing the higher taxa 
of the family. Furthermore, this investigation has 
made possible the division of the Belostomatidae into 
three subfamilies. 

Included in the following pages are a discussion 
of the taxonomic characters, keys, descriptions, 
synonymies, and distributions of the genera, followed 
by a discussion of the phylogeny of the family. 

The authors would like to take this opportunity to 
thank Dr. Robert L. Usinger, University of Cali- 
fornia, Berkeley, and Dr. Leigh E. Chadwick and 
Walter V. Balduf, University of Illinois, for reading 
the manuscript and making valuable suggestions. 
We are grateful to Dr. W. E. China, British Mu- 
seum (Natural History) for having drawings of the 
genitalia of Poissonia prepared for us; to José A. 
DeCarlo, Museo Argentino de Ciencias Naturales, 
for information concerning Horvathinia; and to 
Syoti Miyamoto, Kyushu University, for informa- 
tion about the egg-laying habits of Lethocerus deyrol- 
lei Vuillefroy. 


TAXONOMIC CHARACTERS 

\ large number of superficial characters have been 
used in distinguishing the higher taxa of the Belo- 
stomatidae, often resulting in unnecessary splitting 
of some of the genera. The characters used in this 
paper are briefly identified below. The structures 
and terminology of the male genitalia are dealt with 
more extensively, since they have not previously been 
used in the taxonomy of this family, and their 
terminology is somewhat confusing in the existing 
literature. 


1 Accepted for publication February 18,1961. | 
2 Chicago Academy of Sciences, Chicago 14, Illinois. 
3 University of California, Davis. 


Belostoma, and Horvathinia are American, while Lim- 
nogeton, Hydrocyrius, and Diplonychus are Old-World 
genera. The phallus is reviewed for the first time as a 
character important for the separation of the genera, 
whose nomenclature and synonymies are outlined and 
discussed. The taxonomy, phylogeny, zoogeography, and 
paleontology of the subfamilies and genera are treated, 
and keys are provided for generic identification. 


1. SizeE.—Extremely variable, although some 
genera are mostly composed of large species, others 
of medium-sized species. 

2. SHape.—The species within individual genera 
have a rather uniform appearance, except in Belo- 
stoma and Diplonychus. 

3. ANTEOCULUS.—The anteoculus is that part of the 
head anterior to the eyes. Its length varies 
siderably in the different genera; however, there 
is also much variation within some of the 
especially Belostoma and Diplonychus. 

4. IntERocuLUS.—The interoculus is that part of the 

head between the eyes, and is used primarily in con- 
junction with the anteoculus. The relative propor- 
tions of the two areas are of definite value in de- 
termining the genera. The form, i.e., the flatness or 
convexity of the interoculus is also important. 
5. Eyres.—The shape of the eyes is constant enough 
in most genera to be useful. They may be longer 
than broad or broader than long; the external mar- 
gin may be nearly straight or prominently rounded; 
the mesal margins may be parallel or divergent. The 
eye may be globose or strongly flattened dorsally. 
The width of an eye as measured perpendicular to 
the mesal margin is often compared with the greatest 
width of the interoculus. 

6. Beak.—The stoutness and the length of the in- 
dividual segments of the beak are of some help in 
delimiting genera; however, there is much variation, 
especially in Belostoma and Diplonychus. 

7. ANTENNAE.—The appearance of the antenna is a 
very important character in defining the subfamilies 
and also of some of the genera. The lateral prolonga- 
tions of the segments assume different shapes, some- 
times producing a rather bizarre appearance. 

8. PronotumM.—The general shape of the pronotum 
and the proportions of the anterior and posterior 
lobes vary considerably within several genera, and 
these characters are of importance mainly in de- 
termination of species. 

9, PROSTERNAL CArINA.—This feature is rather 
distinctive in some of the genera, but is variable in 
Belostoma. 

10. Wincs.—In some genera the venation of the 
hemelytra is useful. The clavus and corium may have 
characteristic networks of veins or they may be 
devoid of veins. A reduction in the membrane oc- 
curs in the genera Abedus and Diplonychus. The 


con- 


genera, 
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latter has species which have brachypterous hind 
wings. 

11. ABboMINAL VENTER.—The sternum is com- 
posed of the true abdominal sternites and the lateral 
plates, which represent an underfolding of the dorsal 
tergites. The sternites may be divided laterally by 
weak, suturelike folds into median and parasternites 
(figs. 34-35), or they may be undivided (figs. 36-38). 
This feature is used in separating the subfamilies. 
The lateral plates representing the underfolding of 
the abdominal tergites are here termed the ventral 
laterotergites. Other authors have used connexiva 
for these plates, a term which is not descriptive. The 
posterior point of termination of the mesal margins of 
the laterotergites is important in distinguishing the 
subfamilies. They may either terminate at the basal 
angles of the genital plate or they may meet the 
lateral margins of the plate at a point near its apex. 
The position of the spiracles on the ventral latero- 
tergites is also significant in the different subfamilies. 

12. PupesceNce.—The pattern of pubescence on 
the abdominal sternites and ventral laterotergites is 
useful in identifying genera; however, there is a 
great deal of variation found in Belostoma and 
Abedus, and in these two cases it is of more value 
in determination of species. The patterns are illus- 
trated for all the genera, except Belostoma and 
Abedus, in figures 34 through 38. The presence or 
absence of pubescence or spinules on the legs and 
body in general is of some significance. 

13. RESPIRATORY APPENDAGES.—The air straps 
vary in shape and length, and are used primarily 
in delimiting the subfamilies. In most Abedus they 
are specialized and are excellent specific characters. 

14. Lecs.—The front tarsi either two- or 
three-segmented. Fusion of segments I and II, or 
II and III accounts for fewer numbers of segments 
in some of the genera. The claws of the front tarsi 
vary in degree of development from apparent lack 
to two well developed claws. When only one claw 
is well developed it is always the inner one. The 
front femur slightly to greatly dilated. 
Usually the ventral margin bears two longitudinal 
grooves for reception of the tibia, but in one genus, 
Limnogeton, there is a single groove. The degree 
of flattening and broadening of the hind legs is also 
an important character for distinguishing the sub- 


are 


may be 


families. 

15. Mate GENITALIA.—The preparation of this 
paper was prompted primarily by the results of a 
study of the male genitalia. Despite the fact that 
these structures have been used successfully as 
characters for the other families of aquatic Hemip- 
tera, previous workers have ignored their significance 
in the Belostomatidae. 

Singh-Pruthi (1925) reviewed the structures of 
the male genitalia of the families of Hemiptera, but 
did not differentiate all the parts necessary for the 
taxonomy of the Belostomatidae. Dupuis (1955) 
adhered to the studies of Singh-Pruthi in his treat- 
ment of the male genitalia of this. family. Larsén 
(1938) compared the genitalia of three belostomatid 
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genera and named the more important structures. 
In so doing he clearly indicated the value of the 
genitalia at the generic level. 

In order to study the genitalia (fig. 18) of the 
Belostomatidae, they must be removed from the 
insect. if the insect is dried, the caudal end must 
first be relaxed with alcohol or other proper relax- 
ing fluids. After the parts are thoroughly relaxed, 
an insect pin with the point bent into a hook, is 
inserted beneath the genital plate until it reaches the 
anterior margin of the genital capsule. The pin is 
then rotated so that the hook will catch on the mar- 
gin of the capsule and the entire capsule, including 
the eighth abdominal segment and air straps, may be 
slowly removed. The phallus is then extended in a 
similar manner from the capsule. In the case of the 
larger specimens a pair of fine 
used in place of the pin. 

The phallus is contained within the genital cap- 
sule which is composed of the ninth abdominal seg- 
ment. Closely associated with the capsule is the 
eighth abdominal segment which the 
respiratory straps and the proctiger or fused 10th 
and 11th abdominal segments. The following descrip- 
tion is based mainly on Lethocerus, which appears 
to have the most primitive type of phallus. 

The phallus articulates within the genital capsule 
on a U-shaped sclerite, called the basal plate. Aris- 
ing from the sides of the genital capsule at the 
articulations of the basal plates are the parameres 
(Snodgrass 1957). At the base of the U is attached 
a ligamentous structure, the lamina ventralis, which 
articulates posteriorly with a rather bulbous sclero- 
tized caudal extension, the ventral diverticulum. The 
basal half of the phallus is surrounded dorsally and 
laterally by a rather large heavily sclerotized plate, 
the phallobase. Arising within the phallobase is a 
hollow sclerotized tube, the aedeagus, which extends 
dorsad of the ventral diverticulum. 

The structures of the phallus have certain tenden- 
cies toward modification. In all of the genera except 
Lethocerus, the aedeagus appears to be either fused 
with the ventral diverticulum or actually inserted 
inside the structure. The ventral diverticulum be- 
comes dorsoventrally flattened and expanded in the 
more specialized genera and may bear special sensory 
(Belostoma). The apicodorsal margin of the 
phallobase tends to become bifurcate, producing 
lateral which, in the more 
extend to the apex of the phallus and may actually 
encase most of the structure. 


forceps may be 


bears long 


areas 


arms advanced genera, 


Family BELOSTOMATIDAE (Leach, 1815) 


Mostly medium to large, dorsoventrally flattened, 
from 9 to 110 
in length. Head extended cephalad of the eyes, form- 
ing a triangular anteoculus; eyes large, triangular, 
and usually not continuous with lateral margins of 
pronotum and anteoculus; ocelli lacking; beak three- 
segmented; antenna concealed in a pocket beneath 
four-segmented (rarely two- or 
with lateral prolongations on 


brown aquatic bugs ranging mm. 


eye, three-seg- 


mented), segments 
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II and III. Pronotum trapezoidal, divided by a 
transverse suture into anterior and posterior lobes, 
anterior lobe with two large fossae, anterior mar- 
gin sinuate; prosternum with a median rounded or 
acuminate, laterally compressed projection; scutel- 
lum large, triangular; adults with metasternal scent 
glands; metepimera of nymph extending caudad over 
first two or three abdominal sternites and fringed 
with long hairs; membrane of hemelytron usually 
well developed, with reticulate veins; front legs 
raptorial, apposing faces of femora and tibiae usually 
grooved or flattened and fringed with brushlike hairs 
and spines; profemur usually strongly dilated, hence 
well developed for grasping, front tarsus two- or 
three-segmented, terminated by two claws. Latero- 
tergites of abdomen extending ventrad, covered in 
part by long, silky, appressed pubescence; abdominal 
sternites usually spinulose or more rarely with some 
silky, appressed pubescence; male genital plate 
glabrous apically, acute; female genital plate bear- 
ing one or two apical tufts of setae, apex broadly 
rounded or minutely notched; eighth abdominal seg- 
ment bearing a pair of long, flattened, retractile 
respiratory straps. Only apparent functional spiracles 
located on the mesothorax, metathorax, and on the 
first and eighth abdominal segments; mesothoracic 
pair hidden beneath overlapping pronotum; first ab- 
dominal pair large, dorsad, concealed beneath wings; 
last pair ventrad at base of air straps, intervening 
spiracles functional only in nymphs. 

1. SysteMaATics.—The familly is rather 
probably numbering less than 150 species. The more 
important general works on the group are those of 
Mayr (1863, 1871), Dufour (1863), DeCarlo (1938), 
and Poisson (1937, 1949). 

2. DistR1BUTION.—The Belostomatidae are found 
throughout the world, except in the arctic regions and 
the continent of Europe and northern Asia; and 
even in Europe fossils indicate that they once oc- 
cupied this area. The family is now primarily 
tropical and all genera reach their maximum specia- 
tion in tropical regions. 

KEY TO THE SUBFAMILIES AND GENERA 

OF THE BELOSTOMATIDAE 
1. Abdominal sternites V-VI subdivided laterally by 
a suturelike fold (figs. 34, 35); spiracles located 
on or adjacent to mesal margins of ventral 
laterotergites 2 

Abdominal sternites not subdivided by a suture 
(figs. 36-38); spiracles located near center of 
ventral laterotergites (subfamily BrLostomati- 
NAE) 

Mesal margins of laterotergites meeting genital plate 
near its apex (fig. 34); antennal segments II-III 
with long, sometimes angular, fingerlike projec- 
tions, IV with two projections (fig. 1); tibia 
and tarsus of hind leg thinly compressed, much 
more dilated than middle tibia and tarsus; front 
tarsus three-segmented and with only one well- 
developed claw (fig. 17); adeagus and ventral 
diverticulum separate; cosmopolitan (subfamily 
LETHOCERINAE) Lethocerus Mayr 

Mesal margin of laterotergites ending at basal angle 
of genital plate (fig. 35); antennal segment II 
large, expanded and flattened ventrally, bearing 
a fingerlike projection dorsally, III with a large, 


small, 
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expanded and flattened, dorsal lobe, IV_ short, 
dorsoventrally elongate (fig. 2); tibia and tarsus 
of middle and hind legs similar, narrow, flattened 
but not broadly dilated; front tarsus appearing 
one-segmented, both its claws vestigial (fig. 13) ; 
aedeagus and ventral diverticulum fused; southern 
South America (subfamily HorvaTHINIINAE) 
: Horvathinia Montandon 
Front tarsus with only one apparent claw, the other 
vestigial (figs. 14-15) ; Western Hemisphere - 
Front tarsus with two, usually equal, claws (figs. 
10-12, 16); Eastern Hemisphere 
Membrane well developed, its greatest width more 
than that of clavus, most of its cells equal in 
length, in the form of long, narrow rectangles; 
body usually elliptical; North and South America 
: Belostoma Latreille 
Membrane much reduced, its greatest width equal to, 
or more commonly less than greatest width of 
clavus, its cells usually small, feebly developed, 
or short rectangles of various lengths; body 
usually ovate; Western and Southern United 
States and Central America Abedus Stal 
Pubescence of ventral laterotergites IV not attaining 
external margin (fig. 38); interoculus quite flat 
or broadly convex; front tarsus appearing one- 
or two-segmented (figs. 10, 11); body length less 
than 30 mm.; arms of phallobase enclosing ventral 
diverticulum (figs. 27, 29); Africa, southern Asia, 
East Indies, Australia Diplonychus Laporte 
Pubescence of laterotergites IV attaining entire ex- 
ternal margin (figs. 36-37); interoculus strongly 
convex ; front tarsus visibly three-segmented (figs. 
12, 16) ; body length more than 35 mm.; arms of 
phallobase scarcely developed, or short (fig. 26) ; 
Africa and Madagascar 6 
Front tarsus with segments II and III equal in length 
and twice as long as wide; front tibia and tarsus 
subcylindrical (fig. 16) ; front femur with a single, 
flat groove for reception of tibia__Limnogeton Mayr 
Front tarsus with segment II shorter than III, both 
segments short, rhomboidal (fig. 12); front tibia 
and tarsus laterally flattened; front femur with 
two grooves for reception of tibia 


Hydrocyrius Spinola 


Subfamily LETHOCERINAE Lauck and Menke, 
new subfamily 


Large to very large, elongate bugs; antennal seg- 
ments II-IV bearing dorsal fingerlike appendages, 
III often irregular or angulate, IV with two small 
projections (fig. 1); hind tibia and tarsus very 
flat and broadly dilated, bladelike ; abdominal sternites 
IV to VI subdivided into median and parasternites 
by a weak suturelike fold which originates at the 
basal angle of the genital plate (fig. 34), mesal 
plates keellike; spiracles situated on mesal margin of 
ventral laterotergites; mesal margins of air straps 
nearly contiguous and fringed with long hairs which 
form a crude air channel, straps long and slender; 
ventral diverticulum and aedeagus of phallus separate 
(fig. 19). 

Eggs deposited on aquatic vegetation, usually above 
the water surface. 

Type genus: Lethocerus Mayr, 1853. 

This monotypic subfamily is circumterrestrial in 
distribution but the greatest number of species is 
found in the tropical Americas. Among the Letho- 
cerinae is found the largest true hemipteran, Letho- 
cerus maximus DeCarlo, which is known to reach a 
length of 110 mm. 
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Genus Lethocerus Mayr, 1853 
(Figs. 1, 17, 19, 20, 34) 


Type species: Lethocerus cordofanus Mayr, 1853; 
monobasic. 


Nepa Linnaeus, 1758, Syst. Naturae, ed. 10, p. 440 (in 
part). 

Belostoma Latreille, 1809, Gen. Crust, Ins. 4: (addenda) 
384 (not Belostoma Latreille, 1807). 

Belostomum Burmeister, 1835, Handb. Ent. 2: 195; type 
species Nepa grandis Linnaeus, 1758; monobasic. 

Lethocerus Mayr, 1853, Verh. Zool.-Bot. Ver. Wien 2: 17 
(based on a nymph). 

Benacus Stal, 1862, Ofv. K. Vet-Akad. Foérh. 18: 205; 
type species Belostoma haldemanum Leidy, 1847 
(=Belostoma grisea Say, 1832) ; monobasic. 

[Amorgius Stal, 1866, Hem. Africana 3: 179 (in key 
only, no named species included; nomen nudum, not 
available) .] 

Amorgius Stal, 1866, Berliner Ent. Zeitschr. 10: 168; 
type species Belostoma collosicum [as colossicum| 
Stal, 1855, by original designation. 

Montandonista Kirkaldy, 1901, Entomologist 34: 6 (as 
subgenus of Belostoma auctt., nec Latreille, 1807) ; 
type species [Belostoma] americanum Leidy, 1847, 
designated by Kirkaldy, 1906, Trans. Amer. Ent. Soc. 
oe. 439i. 

Kirkaldyia Montandon, 1909, Bull. Soc. Sci. Bucarest 18: 
138; type species Belostoma boutareli Montandon, 1895, 
by original designation. 


Large to giant, elongate bugs ranging from 40 
to 110 mm. in length. Anteoculus moderately de- 
veloped, distinctly shorter than interoculus; interocu- 
lus narrow to wide, convex; eye longer than wide, 
external margin prominently convex, posterolateral 
angle broadly rounded; beak relatively short and 
stout, segment I about as thick as long and about 
one-half as long as segment II, II nearly three- 
fourths as long as III; antenna irregular, lateral 
prolongations present on segments II-IV (fig. 1). 
Lateral margins of pronotum slightly to prominently 
convex, anterior margin about half as wide as pos- 
terior margin; median prosternal flange large and 
thinly compressed, posterior margin arching up 
to meet vertical anterior margin; legs tomentose or 
glabrous; front femur moderately to strongly dilated, 
bearing two grooves for reception of tibia (except 
Lethocerus (Benacus) griseus); front tibia and 
tarsus dorsally and laterally compressed; front tarsus 
three-segmented, I very small, somewhat concealed 
but visible ventrally, II shorter than III, both short, 
rectangular or rhomboidal, III terminated by a 
single large well developed claw (fig. 17); clavus 
with faint network of veins; corium with strong, 
anastomosing, longitudinal veins; membrane _ of 
hemelytron large, with numerous anastomosing and 
branching veins which form many narrow, elongate 
cells; pubescence of ventral laterotergites as shown 
in figures 34; abdominal sternites evenly covered 
with short spinules; female genital plate with two 
tufts of setae apically, apex usually notched and sub- 
tended by two short teeth; phallus as described for 
the subfamily (figs. 19-20). 

1. ErymMo.tocy.—The word Lethocerus is 
culine, and means “hidden antenna.” 


2. SystTEMATICS.—The generic name Belostomum 


mas- 
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surmeister, 1835, has been overlooked by nearly 
everyone as the first available name for the 
now placed in Lethocerus. Because Lethocerus has 
been used consistently for over 50 years (50-year 
rule, International Code, unpl.) it seems best to retain 
it here rather than cause needless confusion by re- 
applying Burmeister’s neglected name. 

fhe synonymy of the other names has been fully 
discussed by Bueno (1907), and other authors. The 
erroneous application of the name Belostoma to the 
genus Lethocerus is usually cited from a later date 
than 1809, various authors having apparently over- 
looked Latreille’s 1809 citation. 

In the opinion of the present authors, Benacus and 
Kirkaldyia should be synonymized with Lethocerus 
because of the similarity of the phallus, antenna, and 
general body form. Benacus is retained as a sub- 
genus of Lethocerus because of the peculiar lack of 
grooves on the profemur which are present on all 
other members of the genus. The genus Kirkaldyia 
was based primarily on the presence of unequally 
developed grooves on the profemur. In addition, the 
interoculus is very broad and the eyes are strongly 
divergent. Menke (1960a) has shown that Lethocerus 
colossicus (Stal) is intermediate in both characters, 
and accordingly synonymized Kirkaldyia and Letho- 
The authors do not believe that Kirkaldyia 
warrants subgeneric standing. 

Cummings (1933) has given the first modern treat- 
ment of the species. DeCarlo has made important 
contributions and his 1938 paper is the most recent 
review of the Western Hemisphere forms. Menke 
(1959) has shown the importance of the phallus in 
species determination, and has reviewed the species 
of the Eastern Hemisphere (1960a). 

3. DistrrsuTION.—There are about 24 species of 
Lethocerus known at present, and 18 of these occur 
in the Western Hemisphere. The members of the 
genus usually prefer large, deep bodies of water such 
as ponds and lakes, but they are occasionally found 
in streams and rivers. 


species 


cerus, 


Subfamily HorvATHINIINAE Lauck and Menke, 
new subfamily 


Medium-sized, elliptical bugs; antennal 
dissimilar; II long and flattened ventrally, bearing a 
fingerlike projection dorsally; III short, but bearing 
a large expanded lobe dorsally; IV_ short, 
ventrally elongated (fig. 2). Hind tibia and tarsus 
flattened, angular, not broadly dilated. Abdominal 
sternites V and VI_ subdivided into and 
parasternites by a weak suturelike fold which ori 
nates at the basal angle of the genital plate (fig. 35) : 
spiracles of ventral laterotergites situated very close 
to mesal margins; mesal margin of ventral latero- 
tergites ending at basal angle of genital plate: mesal 
margins of air straps remote, straps short; ventral 
diverticulum and aedeagus fused (fig. 21). 

The egg-laying habits of this group are unknown. 

Type genus: Horvathinia Montandon, 1911. 

This monotypic subfamily is known only 
southern and central South America. 


segments 


dorso- 


median 


from 
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Genus Horvathinia Montandon, 1911 


(Figs. 2, 13, 21, 22, 35) 


Type species: Horvathinia pelocoroides Montandon, 
1911; monobasic. 


Horvathinia Montandon, 1911, Ann. Mus. Nat. Hun- 


garici, 9: 244. 

Medium-sized, elliptical bugs ranging from 25 to 
30 mm. in length. Anteoculus not prominent, shorter 
than interoculus; interoculus wide, flat, nearly twice 
the width of eye; eye dorsally flattened, about as 
long as wide, external margin straight, continuous 
with margin of pronotum and anteoculus, posterior 
margin with a sharp right angle; beak short, stubby, 
segment I about half length of II; antenna as de- 
scribed for subfamily (fig. 2). Lateral margins of 
pronotum straight or convex, anterior margin 
broadly, sinuately concave and more than half as 
wide as posterior margin; prosternum with a low 
median ridge which rises gradually toward head, 
meeting the vertical anterior face at a sharp angle; 
front femur short, robust, strongly dilated, 
bearing two grooves for the reception of the tibia; 
protibia grooved laterally; front tarsus short, two- 
segmented, I very short, with II, con- 
cealed except ventrally, II terminated by two vestigial 
claws. Pubescence of ventral laterotergites as shown 
in figure 35; sternites densely covered with spinules, 
female genital plate without definite apical tufts of 
setae, the margin being entirely fringed; air straps 
short, spatulate; phallus as described for the sub- 
family (figs. 21, 22). 

1. ErymMoLtocy.—This genus was named in honor 
of Dr. Geza Horvath. 

2. SySTEMATICS.—Nine Horvathinia 
have been described, and nearly every one is known 
by only a single specimen. The apparent rarity of the 
bugs has made a thorough study of the genus im- 
possible. The known specimens come from Paraguay, 
\rgentina, Bolivia, and southern Brazil. Senor José 
\. DeCarlo reviewed the genus in 1958. 

More adequate series are needed before the tax- 
onomy and geography of this group can be satis- 
factorily determined. Knowledge of the habits, es- 
pecially the deposition of eggs, would help to clarify 
the taxonomy of this group. 


very 


immovable 


species of 


Subfamily BELosTOMATINAE Lauck and Menke, 


new subfamily 


Relatively small to large, elongate, oval or ellipti- 
cal bugs; antennal segments II and III similar, each 
bearing a long finger-like process dorsally, IV long 
and fingerlike (fig. 3-9). Tibia and tarsus of middle 
and hind legs similar, flattened, angular, not broadly 
dilated. Abdominal sternites terminating at basal 
angle of genital plate; mesal margins of air straps 
usually remote, or somewhat contiguous in the more 
primitive genera; ventral diverticulum and aedeagus 


fused (figs. 23, 25, 28, 30, 32). 
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Eggs deposited on the dorsum of the males. 

Type genus: Belostoma Latreille, 1807. 

The Belostomatinae are circumterrestrial in dis- 
tribution but none of the five genera is cosmo- 
politan. Limnogeton, Hydrocyrius and Diplonychus 
are Old World forms, while Belostoma and Abedus 
are New World genera. 


Mayr, 1853 


(Figs. 3, 16, 25, 26, 36) 


Genus Limnogeton 


Type species: Limnogeton fieberi Mayr, 1853; 


monobasic. 

Limnogeton Mayr, 1853, Verh. Zool.-Bot. Ver. Wien 
(1852) 2: 15. 

Borborotrephes Stal, 1855, Gfv. K. Vet.-Akad. Forh. 
11: 239. Type species Borborotrephes hedenborgi Stal, 


1855 ; monobasic. 


’ 


Large, elongate-elliptical bugs ranging from 37 
to 55 mm. long. Anteoculus well developed, dis- 
tinctly longer than interoculus; interoculus 
the width of an eye, convex; eye comparatively small, 
about as wide, external margin nearly 
straight, posterolateral angle broadly rounded; beak 
long, slender, segment I about three-fourths length 
of II, III very short; antenna unique, segments II 
and III with long curved fingerlike projections 
dorsally which are opposed ventrally by short, broad, 
flattened projections, 1V more bulbous than prolonga- 
tions of II and III (fig. 3). Lateral margins of 
pronotum nearly straight, anterior margin about half 
as wide as posterior margin; prosternum with a long 
stout spinelike projection medially; front legs rather 
densely pubescent, middle and hind legs glabrous; 
front femur scarcely dilated, more slender than other 
femora, bearing a single wide flat groove for re- 
ception of tibia; front tibia and tarsus cylindrical, 
the tarsus three-segmented, I short, II and III equal, 
twice as long as wide, terminated by two small 
claws; clavus smooth, without veins; corium with 
a faint network of veins; membrane of hemelytron 
large with numerous anatomosing and_ branching 
veins which form many short cells. Pubescence of 
ventral laterotergites as shown in figures 36; ab- 
dominal sternites covered with mixed short and long 
spinules, female genital plate bearing ventral row 
of hairs which form a crude air channel, straps some- 
what contiguous; apical margin of phallobase only 
sinuate dorsally, arms not developed, ventral diverti- 
culum slightly expanded, apex acute (fig. 25). 

1. ErymMoLtocy.—Limnogeton is a_ neuter 
and means “living in or near freshwater.” 

2. SysTEMATICS.—Poisson (1949) had provided a 
key for the identification of the four known species. 

3. DistrrsuTIon.—Limnogeton is limited to the 
northern part of Africa, its range extending west- 
ward to the Cameroons and southward to Tanganyika 
and the Belgian Congo. A few specimens collected 
by Lauck were taken from relatively small pools of 
water. One pool only 2 or 3 feet in diameter yielded 
three adults and one nymph. The same pool was 
teeming with Diplonychus. 


twice 


long as 


noun, 
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Genus Hydrocyrius Spinola, 1850 
(Figs. 4, 12, 23, 24, 37) 


Type species: Hydrocyrius columbiae Spinola, 


1850; monobasic. 


[Hydrocyrius Spinola, 1850, Tavola sinottica, p. 49 (in 
key only, no named species included; nomen nudum, 
not available ).] 

Hydrocyrius Spinola, 
(available ). 

[/lyotrephes Stal, 1853, Gfv. K. Vet.-Akad. Forh. 10: 
264 (no species included; nomen nudum, not availa- 
ble).] 

Ilyotrephes Stal, 
46 (available) ; 
monobasic. 

Diplonychus, Bueno, 1907, Canadian Ent. 39: 355 (nec 
! e 


1850, Di alcuni generi, p. 106 


Vet.-Akad. 


herculeus 


Forh, 
Stal, 18 


1855, Ofv: K. 


i 
type species /. 5 


: 


I © te). 
Poissonia Brown, 1948, Froc. Roy. Ent. Soc. London 
if: 1u9; type species Potssonia longifemorata Brown, 


1048 ; monobasic. 

Paracyrius Poisson, 1949, Explor. Pare Natl. Albert, 
fasc. 58: 10 (as subgenus of Hydrocyrius) ; type spe 
cies Hydrocyrius rectus Mayr, 1853; monobasic. 
Large, elongate bugs, ranging from 42 to 70 

mm. in length. Anteoculus moderately developed, 

shorter than interoculus. Interoculus narrow, slightly 

less than width of eye, eye very large, 
obliquely triangular, wider than long, external mar- 
gin nearly straight, posterolateral angle acutely 

rounded; beak moderately long, segments I and II 

each about one-half as long as III; antenna with 

segments II and III bearing long, curved, fingerlike 
projections dorsally, IV more bulbous than prolonga- 
tions of II and III (fig. 4). Lateral margins of 
pronotum nearly straight, anterior margin more than 
half as wide as posterior margin; median prosternal 
flange large and thinly compressed, posterior mar- 
vertical anterior margin; 


convex ; 


gin arching up to meet 
legs generally evenly covered with short spinules; 
front femur strongly dilated, bearing two grooves 
for reception of tibia; front tibia and tarsus some- 
what flattened laterally, the tarsus three-segmented, 
I short and immovable with II, visible ventrally, II 
and III short, rectangular or rhomboidal, terminated 
by two large equal or subequal claws. Ventral latero- 
tergites as shown in figure 37; abdominal sternites 
covered with short spinules, female genital plate 
bearing a single tuft of setae apically; phallobase 
slightly bifurcate dorsally, ventral diverticulum 
broadly expanded with lateral flanges (figs. 23, 24). 

1. ErymMo.tocy.—Hydrocyrius is’ masculine noun, 
meaning “water king” or “water master.” 

2. SySTEMATICS—Poissonia was erected by Brown 
(1948) for the new species P. longifemoratus, mainly 
on the basis of the unusually long front legs. In all 
other essential characters Poissonia agrees with Hy- 
drocyrius, even to the details of the phallus. Para- 
cyrius was erected as a subgenus of Hydrocyrius by 
Poisson (1949), to include those species of Hydro- 
cyrius which have two equal claws on the front tarsi, 
leaving the forms with unequal claws in the nominate 
subgenus. In the opinion of the present authors 
neither Poissonia nor Paracyrius is valid as a sub- 
genus. 
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Hydrocyrius is a small genus, numbering about 
These have been reviewed by 
It is proba- 
these 


six or seven species. 
Brown (1948) and by Poisson (1949). 
ble that some of the “forms” described by 
authors actually represent valid species. 

3. DistR1BUTION.—Hydrocyrius is restricted to 
Africa and Madagascar. Poisson (1949) 
specimens from rivers. Very few members of the 
genus have been collected and little is known about 


records 


their habits. 


Genus Diplonychus Laporte, 1833 


(Figs. 5, 10, 11, 27-29, 38) 


Type species: Nepa rustica Fabricius; mono- 


basic. 


Vepa Fabricius, 1794 Ent. Systematica 4: 62 (in part) 

Naucoris Fabricius, 1803, Syst. Rhyngotorum, p. 111 (in 
part). 

Diplonychus Laporte, 1832, Guérin’s Mag. Zool. 2: 18. 

Sphacrodema Laporte, 1833, Guérin’s Mag. Zool. 2: 
(as subgenus of Diplonychus); type species Sphaer 
dema rotundata Laporte, 1833 (=Nepa annulata Fabri 
cius, 1794) ; monobasic. 

Appasus Amyot and Serville, 1843, Hist. Nat. Ins 
Hémiptéres, p. 430; type species Appasus natator 
Amyot et Serville, 1843 (—=Naucoris nepoides Fabri- 
cius, 1803) ; monobasic. 

[Atomya Spinola, 1850, Tavola sinottica, p. 48 (no named 
species included; nomen nudum, not available ).| 

[Amyotella Spinola, 1850, Tavola sinottica, p. 49 (no 
named species included; nomen nudum, not available ).| 

Vervinops Dufour, 1863, Ann. Soc. Ent. France (4) 
3: 348; type species Nepa rustica Fabricius, 1794; 

_ monobasic. 

Cyclodema Dufour, 1863, Ann. Soc. Ent. France (4) 3: 
397 (suggested new name for Sphaerodema Laporte) ; 
type species Sphaerodema rotundata Laporte, 1833 
(=Nepa annulata Fabricius, 1794) by isotypy. (Name 
preoccupied by Cyclodema Laporte, 1840, Coleoptera.) 

Vectocoris Mayr, 1871, Verh. Zool.-Bot. Ges. Wien 21: 
432; type species Nectocoris stali Mayr, 1871; mono- 
basic. 

{myotella Kirkaldy, 1906, Trans. Amer. Ent. Soc. 32; 
type species [Appasus| natator Amyot and Serville, 
1843 (=Naucoris nepoides Fabricius, 1803), by origi 
nal designation. 


18 


Small to medium-sized, elliptical or elongate bugs, 
ranging from 12 to 27 mm. in length. Anteoculus 
moderately developed, equal to or, more often, shorter 
than interoculus; interoculus variable, one-half to 
two times as wide as an eye, convex to flat: eye 
variable, globose to obliquely triangular and often 
strongly flattened dorsally, longer than wide to wider 
than long, external margin rounded to straight, often 
nearly continuous with margin of anteoculus and 
pronotum, posterolateral angle variable; beak varia- 
ble, short and stout to long and slender, segment | 
generally shorter than II; antenna with segments 
II and III bearing long, curved fingerlike projec- 
tions dorsally, IV similar to or slightly more bulbous 
than prolongations of II and III (fig. 5). Pronotum 
with lateral margin nearly straight, slightly concave 
or convex, anterior margin more than half as wide 
as posterior margin; prosternal process variable, pos- 
terior margin meeting vertical anterior margin at a 
sharp, acute point or the tip may be truncate, process 


absent in some forms; legs shiny, but often covered 
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with minute spinules; front femur slightly to strongly 
dilated, bearing two grooves for reception of tibia; 
front tibia and tarsus usually bearing rows of large, 
setigerous punctures; front tarsus two- or three- 
segmented, terminated by two small, equal claws, 
segments II and III completely fused into a single 
segment in some forms, I short, visible ventrally, 
immovable with II, II and III when separated short 
and subequal; clavus without veins, smooth; corium 
without veins, smooth, or with a faint network of 
veins; membrane of hemelytron variable, large, with 
numerous anastomosing and branching veins in fully 
winged forms, reduced to a narrow row of cells or 
absent in brachypterous forms. Ventral laterotergites 
[Il to V -with a narrow, sinuate, central band of 
pubescence (fig. 38), attaining external margin at 
posterolateral angles in only a few species ; abdominal 
sternites shiny, covered with short spinules, female 
genital plate bearing one to two tufts of setae apically ; 
air straps not bifurcate, arms meeting at tip of 
aedeagus (figs. 27-29). 

1. Erymo_ocy.—Diplonychus is masculine, and re- 
fers to the presence of two claws on the front tarsus. 

2. synonymy of this genus 
has been confused in the literature. Laporte (1833, 
p. 83) stated in the Supplement to his work that the 
one species, D. rusticus (Fabr.) that he had assigned 
to Diplonychus really belonged in Sphaerodema, thus 
leaving Diplonychus without any included species. 
Consequently, many subsequent authors used Sphae- 
rodema for the generic name, discarding Diplonychus 
altogether, while others (Bueno 1907) claimed it 
was actually a different genus. According to the rules 
of the International Commission of Zoological 
Nomenclature, Laporte’s correction is invalid. 

Spinola (1850a) proposed the generic 
Atomya and Amyotella, but subsequently (1850b) re- 
duced them to synonyms of Sphaerodema and Ap- 
pasus, respectively. Both were nomina nuda, as 
Spinola did not definitely associate any named species 
with either one, and Atomya remains a nomen nudum 
to this day. Unfortunately, Kirkaldy (1906) revived 
Amyotella, sinking the senior name Appasus as a 
synonym under it and designating natator A. & S. 


SYSTEMATICS.—The 


names 


as type species. This generic synonymy was reversed 
by Kirkaldy in his Corrigenda (1906, p. 156b). Un- 
der the present Code of Zoological Nomenclature the 
name Amyotella must be credited to Kirkaldy and 


dated from 1906 as an “available” name. 

The genus needs a thorough revision. There are 
no keys available to all of the known species; how- 
ever, Poisson (1937, 1949) has made important con- 
tributions to the taxonomy of those found in Africa. 
There are approximately 20 species known for the 
genus. The present authors have found the phallus 
to be diagnostic for many of them. 

3. DisTRIBUTION.—The genus occurs in 
southern Asia, the Orient, the East Indies, 
Australia. Speciation has apparently been more pro- 
fuse in Africa. The bugs are very common, and 
often are collected in large numbers in quiet bodies of 


Africa, 
and 


water. 


ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


[ Vol. 54 


Genus Belostoma Latreille, 1807 
(Figs. 6, 14, 30, 31) 

Type species: Belostoma testaceopallidum Latreille, 
1807 ; monobasic. 

Belostoma Latreille, 1807, Gen. Crust. Ins. 3: 144. 

Nepa Palisot de Beauvois, 1820, Ins. Rec. Afrique et 
Amérique, p. 236. 

Zaitha Amyot and Serville, 1843, Hist. Nat. Ins. Hémipt., 
p. 430. Type: Zaitha stollii Amyot and Serville, 1843, 
designated by Kirkaldy, 1906, Trans. Amer. Ent. Soc. 
32: 151. 

Perthostoma Leidy, 1847, Jour. Acad. Nat. Sci. Phila- 
delphia (2) 1: 59. Type: Perthostoma testaceum Leidy, 
1847 ; monobasic. 

Diplonychus, Herrich-Schaffer, 1848, Wanz. Ins. 8: 26, 
nec Laporte. 

Small to large, ovate, elliptical, or elongate bugs 
ranging from 9 to 50 mm. in length. Anteoculus well 
developed, about as long as, or longer than, interocu- 
lus; interoculus about 1% times wider than eye, 
convex; eye about as long as wide, external margin 
strongly convex to somewhat flattened, posterolateral 
angle somewhat acutely to broadly rounded; beak 
moderately short to long, slender, segments I and II 
subequal or variable, III short; antenna with seg- 
ments II and III bearing long, curved, fingerlike 
projections dorsally, IV similar to prolongations of 
Il and III (fig. 6); lateral margin of pronotum 
straight to concave, anterior margin more than half 
as wide as posterior margin; median prosternal pro- 
jection a semicircle or a long acute process; legs 
shiny, spinulose or tomentose; front femur slightly 
to strongly dilated, bearing two grooves for recep- 
tion of tibia; front tibia and tarsus with rows of 
setigerous punctures; front tarsus two-segmented 
and terminated by a single claw (true segment | 
apparently completely fused with II), segments sub- 
equal, short rectangular or rhomboidal; clavus with- 
out veins, smooth; corium with a network of veins; 
membrane of hemelytron large, with few, mostly 
unbranched veins and without crossveins. Pubes- 
cence of ventral laterotergites variable, plates II and 
VII glabrous or partially to completely pubescent, in- 
tervening plates completely pubescent or glabrous 
along mesal margins, III pubescent to external mar- 
gin; abdominal sternites commonly with only minute 
spicules or more rarely pubescent, female genital 
plate bearing two tufts of setae apically; air straps 
not contiguous or forming an air channel; phal- 
lobase bifurcate dorsally, arms extending nearly to 
apex of ventral diverticulum; ventral diverticulum 
usually expanded, often with lateral flanges and spe- 
cial sensory areas at apex (figs. 30, 31). 

1. ErymMo.tocy.—Belostoma is a neuter noun mean- 
ing “dart mouth,” which undoubtedly refers to the 
painful bite inflicted by these bugs. 
2. SysteMATICS.—Senor José A. DeCarlo 
published many papers dealing with Belostoma. He 
treated the entire genus in his comprehensive paper 
on the American belostomatids (1938). Lauck 
(1959) has demonstrated the value of the phallus in 
the differentiation of the species and has a mono- 
graph of the genus in preparation. 


has 
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This is the largest genus in the family and num- 
bers about 60 species. The species are very diverse 
in form and the genus is divisible into many species 
groups. 

3. Distrisut10on.—Belostoma throughout 
the Americas, reaching its maximum development in 
South America. Only a few, closely related species 
have invaded the colder climates of North America. 
They usually are found along the vegetated margins 
of ponds and lakes, although they also occur oc- 
casionally along vegetated banks of streams. 


Genus Abedus Stal, 1862 
(Figs. 7-9, 15, 32-33) 

Type species: Abedus ovatus Stal, 1862, designated 
by Kirkaldy, 1906, Trans. Amer. Ent. Soc. 32: 151. 
Belostoma Say, 1832, Descr. New Species Het. Hem., p. 

37, in part (Fitch reprint, 1857, Trans. New York 

Agric. Soc. 17: 810; Complete Writings, 1859, ed. 

LeConte, 1: 366). 
Zaitha Herrich-Schaffer, 

Amyot and Serville. 
Abedus Stal, 1862, Ent. Zeitung [Stettin] 23: 462. 
Serphus Stal, 1862, Ent. Zeitung [Stettin]: 23: 462. 

(Preoccupied by Serphus Schrank, 1780.) Type: 

Belostoma dilatata Say, 1832; monobasic. 

Stenoscytus Mayr, 1863, Verh. Zool.-Bot. Ges. Wien 13: 
341, 343-7. Type: Stenoscytus mexicanus Mayr, 1863 
(=Abedus ovatus Stal, 1862) ; monobasic. 

Pedinocoris Mayr, 1863, Verh. Zool.-Bot. Ges. Wien 13: 
341, 347-9. Type: Pedinocoris macronyx Mayr, 1863 
(=Zaitha indentata Haldeman, 1854), designated by 
Kirkaldy, 1898, Entomologist 31: 3. 

Deinostoma Kirkaldy, 1897, Entomologist 30: 258. 
name for Serphus Stal, 1862, nec Schrank 1780.) 

VWicroabedus Hussey and Herring, 1950a Florida Ent. 33: 
85. Type: Abedus cantralli Hussey and Herring, 1950 
(=Belostoma immaculata Say, 1832). 

Parabedus DeCarlo, 1951, Rev. Soc. Ent. Argentina 15: 
71. Type: Abedus signoreti Mayr, 1871, designated by 
Menke (1960b). 

Medium-sized, ovate bugs ranging from 13 to 
40 mm. in length. Anteoculus variable, equal to or 
less than length of interoculus; interoculus variable, 
1% to 2 times width of eye, convex or flattened on 
disk; eye small to large, about as long as wide, ex- 
ternal margin rounded or slightly flattened, pos- 
terolateral angle broadly rounded; beak short or 
long, slender, segments I and II subequal; antenna 
variable, normally four-segmented but occasionally 
three- or two-segmented (II, III, and IV become 
fused), II and III usually bearing tubercles or finger- 
like projections (figs. 7-9). Lateral margin of 
pronotum straight or concave, anterior margin more 
than half as wide as posterior margin; median 
prosternal process acute or rounded apically; legs 
shiny, spinulose or tomentose ; front femur moderately 
to strongly dilated, bearing two grooves for reception 
of tibia; front tibia and tarsus with few to many seti- 
gerous punctures; front tarsus two-segmented and 
terminated by a single, large, well-developed claw 
(true segment I apparently completely fused with 
II), segment I usually shorter than IT, short, rec- 
tangular or rhomboidal; clavus with or without a 
faint network of veins; corium with a network of 
veins; membrane of hemelytron reduced or absent, 
width more than width of clavus. 


occurs 


1853, Wanz. Ins. 9: 35, nec 


(New 


greatest never 
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Ventral laterotergites III-VI completely covered 
with pubescence, II glabrous or completely pubescent, 
VII with a large basal patch of pubescence, III 
pubescent to lateral margin; abdominal sternites 
variable, sparsely or densely covered with spinules, 
or completely or partially pubescent, female genital 
plate bearing two tufts of setae apically; air straps 
not contiguous, usually dimorphic and highly spe- 
cialized, bearing sacs and patches of pubescence dor- 
sally which may functions, 
spatulate or more rarely lanceolate; phallobase bifur- 
cate, arms extending nearly to apex of ventral 
diverticulum ; ventral diverticulum expanded, bordered 
by lateral flanges (figs. 32, 33). 

1. EryMoLtocy.—Abedus is a 

meaning “an eater,” and referring to the voracious 
appetite of these bugs. 
2. SysteMATICS.—Abedus has been revised by 
Hidalgo (1935) and DeCarlo (1948). Menke 
(1960b) has written a critical revision of the genus, 
in which the phallus has been employed for the 
first time in specific discrimination. There are 10 
species known for the genus. 

In his revision Menke (1960b) 
gives a key to four subgenera, Abedus, Deinostoma, 
Microabedus, and Pseudoabedus. 

The taxonomic position of Microabedus is ques- 
tionable. The single species, Abedus (Microabedus) 
immaculatus (Say), is found in cypress swamps of 
Southeastern United States, a habitat similar to that 
of the Belostoma rather than the Abedus species. 
The lateral arms of the phallus also resemble those 
of the Belostoma, while the bulbous ventral diverticu- 
lum and the reduced membranes of the hemelytra 
are characteristic of the Abedus. Whether or not 
this species is intermediate between the two genera 
or is an off-shoot of one of them is not clearly known. 
Since Hussey and Herring (1950a, 1950b) con- 
sidered this species as an Abedus as did Menke 
(1960b), we have also included it here. 

3. DistrinuTION.—The genus is restricted to the 
Southern United States, Mexico, and Central America 
but reaches its greatest development in Mexico. The 
species of Abedus usually occur in running water 
and cling to rocks and aquatic vegetation. Although 
they occur in the same areas as Belostoma, the two 


have special sensory 


masculine noun 


characterizes and 


genera are rarely found together in the same body of 
water because of their different habitat preferences. 


FOSSIL RECORDS OF THE FAMILY 


BELOSTOMATIDAE 


THE 


Fossils of the Belostomatidae are few and primarily 
confined to the Tertiary strata in Europe. The 
European fossils, although mostly assigned to the 
genus Belostoma, are probably all members of the 
Lethocerinae. Their exact relationship to the modern 
Lethocerinae is unknown, but they probably all be- 
long to genera other than Lethocerus. Two 
genera, Mesobelostoma and Belostomates, 
ready been established. Mesobelostoma was described 
by Haase (1890) for Belostoma deperditum Germar, 
and Schoberlin (1888) established the genus Belosto- 


fossil 


have al- 
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maies tor Belostomates speciosa (Heer). Both of 
these genera are lethocerinlike in structure, and re- 
gardless of their generic status appear to belong 
to the Lethocerinae. 

American fossils are few. Scudder 
scribed Phthanocoris occidentalis (from Carboni- 
ferous coals near Kansas City, Missouri) from a 
wing and pointed out that the wing was very similar 
to that of modern Zaitha (=Belostoma). It is quite 
true that this wing has the general size of the wings 
of our North American species of Belostoma and has 
certain features in common with the Belostomatidae ; 
but, as Scudder pointed out in his 1885 paper, there 
are many features that do not fit any of our modern 
representatives of Hemiptera and the wing probably 
does not belong to any one family known today. 
Handlirsch (1908) placed this species in an uncertain 


(1882) de- 


category. 

Cockerell (1908) described Zaitha vulcanica from 
the Florissant shales. This fossil is undoubtedly a 
nepid. Cockerell even stated, “General appearance 
quite Nepa-like, but the structure is that of Zaitha.” 
The structure referred to was the short, stout, respira- 
tory tube. Apparently Cockerell was unaware that 
the nymphs of the genus Nepa have short, stout 
tubelike extensions of the eighth abdominal 
ments. 

Lethocerus americanus is known from the Pleis- 
tocene tar pits in Hancock Park in Los Angeles, 
California. Positive identification has been made 
by examination of the phallus by Menke. The speci- 
men is probably not more than a few hundred years 
old. 


seg- 


THE BELOSTOMATIDAE 
(Fig. 39) 


PHYLOGENY OF 


Larsén (1938) clearly demonstrated the close af- 
finities of the Belostomatidae with the Nepidae by 
pointing out the similarities in the genitalia, caudal 
respiratory appendages, and abdominal musculature. 
Pendergrast (1958) found the spermatheca of the 
Nepidae and Belostomatidae to be similar. Spooner 
(1938) has shown a relationship between the man- 
dibular levers of the two families. It can also be 
pointed out that the antennae are similar. China 
(1955) gave the probable evolutionary relationships 
of the two groups. According to China, the families 
arose from a proto-belostomatid which had siphon 
respiration, metasternal scent glands, and no ocelli. 
The Belostomatidae have retained the scent glands 
while the Nepidae have apparently lost them 
secondarily. 

That the Belostomatidae are more closely related 
to the Nepinae rather than to the Ranatrinae can 
easily be demonstrated. The Nepinae and the Belosto- 
matidae share the broad, flat body form, with the 
pronotum divided by a transverse suture. Extending 
this comparison to the subfamilies of the Belosto- 
matidae shows that the Lethocerinae most closely 
resemble the features of the Nepinae, and thus can 
be considered the most primitive or at least the 
oldest belostomatid group. The cosmopolitan distri- 
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bution of Lethocerus substantiates the theory that 
the Lethocerinae are the oldest belostomatid group. 
This hypothesis is supported by the structure of the 
phallus, which is similar to that of the Nepinae; 
e. g., the aedeagus and ventral diverticulum are 
separate. The Lethocerinae and Nepinae show other 
close affinities: 1) the abdominal sternites are sub- 
divided into median and parasternites; 2) the res- 
piratory siphon of the Nepinae is partially retractile 
while the air straps of the Lethocerus (and of the 
entire family) are fully retractile; 3) the air straps of 
the Lethocerinae are long and contiguous and form 
an air channel analagous to the siphon of the 
Nepinae; 4) the front coxae of both groups are 
short; 5) some members of Laccotrephes (Nepidae) 
have two definite grooves on the front femur, a 
condition common to Lethocerus; 6) the middle and 
hind legs of many of the Nepinae are somewhat 
flattened and short, a condition very much more pro- 
nounced in the Lethocerinae; 7) Lethocerus lays 
its eggs on plants while the Nepinae insert their 
eggs in plant tissue. 

The Ranatrinae are evidently an offshoot of the 
more primitive Nepinae, showing specializations not 
directly related to the Belostomatidae 
narrow, elongate body and slender, nonswimming 


such as a 


long procoxae; single-grooved front femora; 
abdominal sternum; and a_ nonretractile 


legs; 
undivided 
siphon. 

Correspondingly, the Belostomatinae are a more 
specialized group than the Lethocerinae. The aedea- 
gus and ventral diverticulum of the phallus have be- 
come fused; the abdominal sternites are undivided; 
and the air straps are short, usually not forming an 
air channel. The habit of laying the eggs on the 
dorsum of the males is also a specialization of the 
Belostomatinae. 

The Horvathiniinae seem to occupy a_ position 
intermediate between the Lethocerinae and_ the 
Belostomatinae. The Horvathinae have retained the 
primitive division of the sternites as in the Letho- 
cerinae, but have a more advanced phallus similar 
to that of the Belostomatinae. 

The phylogeny of the genera 
linear evolution and remains somewhat 
however, certain speculations concerning their re- 
lationship can be made. 

In the Lethocerinae the single genus Lethocerus, 
though basically primitive, is still highly evolved, 
as is attested by the highly developed swimming legs 
and the reduction of one of the front tarsal claws. 
Lethocerus is probably the strongest swimmer of the 
whole family. The subgenus Benacus may represent 
a degenerate form because of the lack of the grooves 
on the front femur. 

Horvathinia probably is more closely related to 
Lethocerus than any of the genera in the Belosto- 
matinae because of the divided abdominal sternum. 


does not show 


obscure; 


The genus is very specialized, however, as is in- 
dicated by the odd-shaped antennae, spatulate air 


straps, and the reduction of the segments of the 


front tarsus and the vestigial claws. 
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LAUCK AND MENKE: HIGHER CLASSIFICATION OF BELOSTOMATIDAE 


PLATE 1 


Fics. 1-9.—Right antennae of Lethocerus (1), 
(5), Belostoma (6), and Abedus (7-9). 


Fics. 10-17.—Right front tarsi of Diplonychus (10, 11), 


Abedus (15), Limnogeton (16), and Lethocerus (17). 


Horvathinia (2), Limnogeton (3), 


Hydrocyrius (4), Diplonychus 


Hydrocyrius (12), Horvathinia (13), Belostoma (14) 


Fic. 18.—Median sagittal section of the abdomen of Lethocerus, showing the male genital capsule and genitalia 


(a) basal plate, 
clasper, (g) proctiger, (h) air strap. 


3elostomatinae display great 


The genera of the 
diversity of form and development. 
certainly is the most primitive genus and may, in 
fact, be the most primitive member of the family. 
Its legs are very poorly developed for swimming; 
the front femur is scarcely developed for grasping 


Limnogeton 


(b) lamina ventralis, (c) phallobase, (d) 


aedeagus, (e) ventral diverticulum, (f) paramere 


and bears a single groove for the reception of the 
tibiae; the tarsi are still three-segmented on the 
front leg and are terminated by two equal claws; 
the air straps are fairly long, slender, and unspecial- 
ized. A comparison of the phallus of Limnogeton 
with the same structure in the other genera supports 
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PLATE 2 


Fics. 19-20.—Lateral and dorsal aspects, respectively, of male genitalia of Lethocerus. Fics. 21-22.—Same, of 


Horvathinia. Fics. 23-24.—Same, of Hydrocyrius. Fics. 25-26.—Same, of Limnogeton. Fic. 27.—Caudal view of 
genitalia of Diplonychus showing overlapping arms of the phallobase. Fics. 28-29.—Lateral and dorsal aspects, 
respectively, of male genitalia of Diplonychus. Fics. 30-31—Same, of Belostoma. Fics. 32-33.—Same, of Abedus. 


the probable antiquity of the genus. The phallobase In addition, the ventral diverticulum is the least 


is only sinuate apically. The other genera have the — specialized in all the genera. 


plate bifurcate with the development of lateral arms. The remaining genera can be placed along two 
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Tarsus Of front leq 2- To 3-seqmented; 
Membrane reduced; air Diplon chus brachyptery; phallobase strongly 
Straps dimorphic; antennal Abedus y bifurcate, arms often overlapping. 
Segments fused. 


Belostoma 


Ventral diverticulum 


Claws of front 
highly developed. legs dllometric 


pifurcate 
e H ydrocyrius 


Phailobase bifurcate, 
arms short, 


HORVATHINIINAE 
Horvathinia 


Tarsus of front leg 2-Seqmented; 
vestigial claws on front leqs; — Limnogeton 


antennae Specialized. Femora of front legs poorly 


developed for grasping; legs 
non- swimming, phailobase 
Sinuate. 
LETHOCERINAE 
Lethocerus BELOSTOMATINAE 
Ventral diverticulum and aedeagus fused; 
Allometric claws on front air straps short; €qq deposited on back 
legs; air straps linear; antennae of male; abdominal sternites undivided. 
Specialized; hind legs flattened 
for Swimming. 


NEPIDAE BELOSTOMATIDAE —{ nants te straps; 


Metasterna} scent glands lost; 

tarsus of front leg 1-seqmented, 
Claws Jost; reduction of femoral 
grooves on front leg; hydrostatic 
organs 


Ocelli lacking; metasterna! scent gland present; respiratory siphon 
present; leqs non-Swimming; all tarsi 3-Sseqmented and 2-clawed; 


PROTO-NEPOID ventral diverticulum Separate from aedeagus; eqgs deposited on 
plants; femora of front legs raptorial, 2- grooved; abdominal 
sternites divided 


PROTO-NAUCORID ANCESTRY 39 


PLATE 3 
Fics. 34-38.—V entral aspect of abdomen, showing the pubescence, sutures, and folds of Lethocerus (34), 
Horvathinia (35), Limnogeton (36), Hydrocyrius (37), and Diplonychus (38). 
Fic. 39.—Phylogeny of the subfamilies and genera of the Belostomatidae. 


different evolutionary lines on the basis of the de- two genera the lateral or external claw is vestigial 
velopment of the front tarsal claws. Belostoma and and the mesal claw is strongly developed. Hydro- 
Abedus, both restricted to the Western Hemisphere, cyrius and Diplonychus have isometric claws. They 
display allometric development of claws. In these are restricted to the Eastern Hemisphere, and the 
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former appears to be the more primitive of the 
two. Its front tarsus is still three-segmented and the 
phallus is less developed or specialized than in 
Diplonychus. The phallosomal arms in Diplonychus 
are very long and usually surround much of the 
aedeagus. In addition, many species of Diplonychus 
contain brachypterous forms and reduction of the 
hemelytral membrane occurs in some. Furthermore, 
the front tarsal segments II and III are fused in some 
species of Diplonychus, forming a two-segmented 
tarsus. 

To decide the relative positions of Belostoma and 
Abedus is difficult. Belostoma very successful 
group, as is indicated by the great number and 
variety of species. This may also indicate that the 
Abedus. Abedus shows more 
specialization: air straps are highly developed, with 
special pubescent areas dorsally which may have a 
sensory or hydrostatic function; ventral pubescence 
is highly developed in most species (also in a few 
Belostoma) ; and there is a reduction in the hemely- 
tral membrane. Abedus is a small genus and has 
a much more restricted geographical range than 
Belostoma. In addition, its species have left. still 
water in favor of the stream habitat. The species 
of Abedus are obviously in a state of evolution at 
present. The species in the subgenus Deinostoma are 
very similar externally, yet highly variable. The 
subgenera Abedus and Deinostoma appear to be the 
most highly specialized, and Pseudoabedus with its 
almost Belostoma-like form is probably the most 
primitive. Microabedus may be an off-shoot of the 
early proto-abedus type. 

It is interesting to note that the front tarsi of the 
nymphs of the various genera support the proposed 
phylogeny. The nymph of Lethocerus has two well- 
developed claws, which indicates that the genus is old 
despite the fact that the adult has only a single, large 
claw. The nymphs of all the Old World genera have 
two well-developed claws. 


is a 


genus is older than 


The larger nymphs of 


Abedus and Belostoma, however, have only one well- 
developed claw, which adds strength to the idea that 


the 
not 


the two genera 
Horvathinia 
authors. 


are most recent. 


been 


Nymphs of 
have seen by the present 
Speculation as to the geographic origin of the 
family is rather hazardous at best but, on the basis 
of the present distribution of the genera, Africa would 
appear to be the most logical place. The most primi- 
tive genera occur there and nowhere else: e.g., 
Limnogeton and Hydrocyrius. In Diplonychus the 
more primitive species, i.e., those with three-seg- 
mented front tarsi, are found predominantly in 
Africa; and the more specialized species, those with 
two-segmented front tarsi, are found mainly in 
India, the Orient, and Australia. Lethocerus, of 
course, is the only cosmopolitan belostomatid genus, 
but this does not conflict with the above hypothesis 
since the genus also occurs in Africa. Evidently 
Abedus, Belostoma, and Horvathinia are more 
modern forms inasmuch as they do not occur in 
Africa, or any part of the Eastern Hemisphere. 
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The Effects of Dietary Beeswax and Wax Components on the Larvae 
of the Greater Wax Moth, Galleria mellonella (L.)' 


ROGER G. YOUNG 


Department of Entomology, Cornell University, Ithaca, New York 


ABSTRACT 


Larvae of Galleria mellonella were fed diets containing 
a variety of long-chain materials, including beeswax, fatty 
acids, alcohols, and paraffins. Beeswax and some fatty 
acids enhanced normal growth; alcohols had a relative 


The greater wax moth, Galleria mellonella, along 
with other Pyralidae, shares with the family of birds 
Indicatoridae, or honey guides, the ability to me- 
tabolize beeswax. In the southeastern United States 
this insect is a serious pest to apiarists, where it 
infests stored honeycomb and weak colonies of bees. 
of monoesters whose mo- 
lecular weights range to 800. Free fatty acids with 
25 to 31 carbon atoms make up 13% of the wax, 
and the remainder is chiefly hydrocarbons (Warth 
1947). Niemerko (1959) has reviewed much of the 
work on the metabolism of wax by the wax moth. 
He suggests that the esters are hydrolysed in the 
gut; the alcohol portion is then oxidized to fatty 
acids which are further broken down. There is pre- 
sumptive evidence that microorganisms of the in- 
testinal tract are responsible in part for wax metab- 
olism, both in the wax moth and the honey guide 
(Dickman 1933, Florkin 1949, Friedmann 1956). 
This report describes some attempts to assess the 
importance of beeswax and wax constituents in the 
diet of the insect and the manner in which they are 
utilized. 


Beeswax contains 85% 


MATERIALS AND METHODS 


InsEcts.—Stock cultures of wax moths were main- 
tained in screen-covered one-quart Mason jars on 
a mixture consisting of 40 grams of Pablum’ mixed 
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growth-suppressing action. The responses were affected 
by the humidity of the rearing chambers. The fatty 
acids of the insects were only slightly influenced by the 
diets. 


infant cereal and 30 milliliters of an equal mixture of 
liquid honey and glycerol. A few grams of honey- 
comb were sometimes added to each jar. Pablum 
contains 69% carbohydrate, 15% protein, and 3% 
fat. Cholesterol analysis by the method of Consolazio 
et al. (1951) indicated the presence of 0.04% of this 
material. 

The adult females lay their the mixture, 
and no transfers are necessary during the life of the 
insect. Depending on the number of insects, it may 
be necessary to replenish the food supply before the 
larval cycles are complete. The insects do well on 
the diet; the larvae for these experiments 
frequently doubled their weight in 6 days. 

Forty to one hundred larvae selected to weigh 
approximately 50 milligrams each were used for each 
growth test, which was of 3 to 12 days’ duration. 
The tests took place in containers similar to the 
stock-rearing ones. They were taken from the stock- 
rearing culture jars, then assigned at random to the 
diet conditions under study. Ample food was left in 
the jars when the experiments were terminated. 
Growth was measured by weighing the larvae col- 
lectively before and after the feeding period. The 
larvae were frozen and stored in vials at 
—15° C. until used for fatty acid analysis. The 
few insects which had pupated were not included 
in the calculations. 

SpeciaL Diets.—The test 
described, except that the cereal thoroughly 
mixed with a solution of the material under test 
and air-dried before adding the honey-glycerol por- 


eggs in 


chosen 


sealed 


diets were made as 


was 
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tion. Test materials made up 10% of the diet unless 
otherwise noted. 

Fatty Acip ANALysis.—The insects were thawed, 
then ground for 1 minute in a semimicro Waring 
Blendor with 10 ml. per gm. of a 2:1 mixture of 
reagent grade chloroform and methanol. After filtra- 
tion under vacuum, the cake was washed once with 
solvent. The extract was evaporated under reduced 
pressure on a steam bath, and the lipid residue taken 
up with petroleum ether b.p. 30°-60° C. The ether 
solution was then washed five times by extraction 
with water and dried over anhydrous NasSOs.. 

In the early stages of the work, fatty acids were 
isolated after saponification with alcoholic KOH con- 
taining 5% toluene. Saponification numbers of a few 
extracts yielded values near 220. Methyl esters of 
the acids were prepared by reaction with diazo- 
methane. 

A more satisfactory method for preparation of 
methyl esters proved to be by interestification cata- 
lysed by HCl in the presence of 2, 2 dimethoxypro- 
pane* as a water scavenger (Lorette and Brown 
1959). The procedure was as follows: Approxi- 
mately 100 milligrams of fat were mixed with 1 milli- 
liter of absolute methanol containing 0.06 ml. of con- 
centrated HCl. Sufficient 2, 2 dimethoxypropane 
(about 1 ml.) was added to give a single phase. The 
tube was covered and left at room temperature over- 
night. The solvents were removed under aspirator 
vacuum and the methyl esters extracted with pe- 
troleum ether. Ten milligrams were then sublimed 
in a micro sublimation apparatus (Stoffel et al. 
1959) for 1 hour at 64° C. with a vacuum of ap- 
proximately 25 microns. 

Aliquots of the esters were analyzed at 200° C. 
in an Aerograph* gas chromatography apparatus. 
The column was 5 to 7 ft. long packed with Craig 
polyester succinate on firebrick. Helium or hydro- 
gen was the carrier gas. Identity of the esters was 
established by plots of relative retention times against 
known standards. The identities of unsaturated esters 
were further substantiated by catalytic hydrogenation 
over platinum, and comparison of the analysis with 
the untreated sample. Quantitative aspects of the 
assays were expedited by a disc integrater’ attached 
to the 1-millivolt recorder. 


RESULTS 


Due to conditions which could not be rigidly con- 
trolled, such as temperature, humidity, and age of 
insects, there was considerable variation in growth 
response to a given diet at different times. For 
this reason, all results have been compared to a 
basal diet run at the same time, using insects as- 
signed at random from a pool. Each material of 
interest was ultimately tested several times in this 
way. 


3 Dow Chemical Co., Midland, Michigan. ; 
* Wilkins Instrument and Research, Walnut Creek, California. 
5 Disc Instruments, Santa Ana, California. 
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Growth Responses 

(1) Breeswax.—Beeswax in the amount of 10% 
added to the basal diet stimulated growth by 13% 
to 76% over the basal diet. Lower values were re- 
corded for 3-day experiments as opposed to the 
usual 6-day period. Graded amounts of wax from 
1% to 10% gave roughly proportional weight gains. 

Several tests were made with beeswax which had 
been hydrolyzed. These diets failed to promote 
growth above the basal regimen. If the experiments 
were run in an atmosphere of high relative hu- 
midity, a general lowering of growth promotion oc- 
curred. Solvent extraction. of the wax with hot 
alcohol and boiling chloroform did not yield frac- 
tions having any advantage over whole wax in the 
same concentration. 

Pure capping wax was used for all the experiments. 

(2) ParaFFiIns.—Liquid paraffin oil caused a high 
mortality and no weight gain, probably because of 
the greasy consistency of the diet. Paraffin wax 
showed growth promoting effects in experiments last- 
ing 11 days but not in periods of 3 or 6 days. 

(3) Fatty Acips anp ALconots.—Table 1 shows 
the results obtained when unesterified fatty acids or 
alcohols were added to the basal diet. 


Table 1.—Relative growth response of Galleria larvae 
to feeding fatty acids or alcohols. 


Weight gain* 
Added to basal 


or control diet —_— 


5%) “ite 8 
68 to 93 
35 to 87 


2to 31 


Myristic acid (15% 

Palmitic acid (15%) 
Stearic acid (15%) 

Unsaturated C18 acids (15%) 

One test 

—99 to —33 

—75 to —14 

—64 to —25 

—37 to —14 


Octyl alcohol” 
Myristyl alcohol 
Palmityl alcohol 
Stearyl alcohol 
1-Docosanol 
between test and con 


aAs the difference in increase 


trol insects. 
» Terminated after 


percent 


3 days because of high mortality. 


(4) Errect or Humipity.—The finding that high 
relative humidity affected growth on beeswax 
prompted an examination of other materials under 
these conditions. The rearing jars were enclosed 
in plastic boxes containing an open vessel of water. 
Table 2 gives the results. 


Fatty Acid Analysis 


Analysis of fatty acids of the larvae after feeding 
long-chain compounds for periods from 3 to 12 days 
showed that the character of the fed material had little 
effect on the lipids laid down. Two exceptions were 


apparent. When myristic acid was present in the 
diet, the percentage of the acid incorporated into 
the insects rose from less than 1% to 9.6%. Myristyl 
alcohol caused a similar effect. Second, when bees- 
wax formed part of the diet, two fatty acids appeared 
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Table 2.—The effect of humidity in growth response of 
Galleria larvae. 


Weight gain* 


Added to basal 
or control diet 


20% R.H.” 


100% R.H. 


3eeswax 61 34 
Myristic acid — 3 22 
Myristyl alcohol —56 —33 
Palmityl alcohol —30 —22 


@ As the difference in percent increase between test and con- 
trol insects. The same pool of insects was used for tests at each 
humidity. 

b Determined by a bulb aspirated psychrometer. 


in the insects to the extent of 1% to 2%. These acids 
were tentatively identified as 17-carbon acids, one 
saturated, the other containing a single double bond. 
This result was found with hydrolyzed and unaltered 
wax in the diet. Wax moths fed only honeycomb con- 
tained 3.5% Seventeen-carbon acids 
have not been reported in beeswax, but an acid with 


of these acids. 


EFFECTS OF WaAx COMPONENTS ON 


LARVAE OF Wax MorTH 659 


Interference with normal utilization of fatty acids 
could be invoked as a reason for the relative growth- 
depressing action of the alcohols. Notwithstanding 
the fact that the chain lengths of those tested were 
shorter than those present in beeswax, our findings 
do not support the idea that alcohols are efficiently 
used by the wax moth. This is assuming hydrolysis 
in the gut as a first step. More definitive experiments 
to be reported support this view. 

The reasons for the salutary effect of beeswax 
seem to be complex, with some indication that it 
may involve water conservation. A proposition for 
the presence of a growth factor would necessitate 
that it be alkali-labile because of the absence of the 
normal enhancement of growth by hydrolyzed wax. 

Table 3 indicates that with some exceptions the 
diet does not affect the fatty acids laid down by the 
insects. The experiments reported here [ 
short duration. Insects reared for generations on a 
diet of different fat composition did show the in- 
fluence of the diet. 


were ol 


Table 3.—Fatty acids of Galleria larvae after feeding different diets. 


C14 C16 
Basal diet t 
3eeswax t 
Hydrolyzed beeswax t 
Myristic acid 9.6 
Palmitic acid 0.8 
Stearic acid 1.0 


39.6 
29.8 
36.2 
34.8 
39.8 
40.0 


a The values given are means of several determinations, and small 


the same retention time as margaric acid has been 
found in wax by gas chromatographic analysis in this 
work. Table 3 gives the results of fatty acid analysis 
of larvae reared on some of the diets. 

DISCUSSION 

The finding that paraffin wax will promote growth 
of the wax moth when the experiments were extended 
to 12 days, but not in short-term tests, would argue 
This would in turn be 
in accord with the idea of a major role for intestinal 
flora in digestion. The paraffin wax contained hy- 
drocarbons with upward of twenty carbon atoms as 
determined by gas chromatography. 

The growth enhancing activity of high humidity 
has been suggested by Niemerko and Niemerko 
(1950). Our experiments support this idea. High 
humidity appears to lower the relative response at- 
tributable to beeswax, a very efficient growth pro- 
moter, and to prevent in some degree the relative 
growth inhibition by myristic and myristyl 
alcohol. 

No satisfactory explanation is at hand for the 
effect of myristic acid. It was a minor component 
of the regular diet and of the insects in these tests. 
Experiments to test the hypothesis of an adaptive 
process to this acid would be of interest. 


for an adaptive mechanism. 


acid 


Percent of fatty acids* 


C18 


fe 


mune 


amounts of acids below C14 are omitted. 
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Changes in the Morphology of the Ventral Nerve Cord During the Life History of 
Amphimallon majalis Razoumowski (Coleoptera: Scarabaeidae) ' 


JAMES H. MENEES* 


ABSTRACT 


The embryonic and postembryonic development of the 
ventral nerve cord is described, figured, and compared 
with the nerve cords of the more generalized and spe- 
cialized groups of Coleoptera. In early embryos there is 
a distinct ganglion in each of the 10 abdominal segments, 
but in late embryos the 8th, 9th, and 10th ganglia have 
fused and the nerve cord terminates in abdominal seg- 
ment 9. Abdominal ganglia 6 to 10 are fused in the first- 
instar larva and the cord terminates in the posterior part 
of the first abdominal segment, while in the second in- 


While, in general, the ventral nerve cord develops 
similarly in all the groups of insects, the total number 
of nerve ganglia comprising the entire ventral nerve 
cord in larval and adult insects may differ considera- 
bly. In the more primitive orders, as well as some of 
the more highly there are 17 nerve 
ganglia, one in each segment from the mandibular to 
the 11th abdominal, inclusive (Johannsen and Butt 
1941). 


11th abdominal ganglion may be reduced or lacking 


evolved ones, 


In a large number of insects, however, the 


entirely. 

As the nerve cord develops in the postembryonic 
stages there may be a tendency for abdominal ganglia 
to fuse with the ganglia. In the larval 
and adult Diptera 
fusion of abdominal ganglia with those of the thorax 
occurs to such an extent that the entire ventral nerve 
cord exists as a shortened, consolidated mass located 
in the ventral region of the prothorax. 

The present study of the ventral nerve cord in 
Amphimallon majalis Razoumowski was incidental 
to a study dealing with the development and muscula- 
ture of the male and female reproductive structures 
in this species. Since little work has been done con- 
cerning the anatomy and musculature of the major 
organ systems of the Coleoptera, such a study may be 
of phylogenetic importance to some workers. 


thoracic 
some Coleoptera and 


stages ol 


MATERIALS AND METHODS 


Adults and all larval instars were collected in 
Wayne County, New York, where the larvae of this 
species do extensive damage to lawns and nursery 
stock. Adult males and females were randomly put 
into oviposition chambers consisting of a 2-gallon 
can containing approximately 6 inches of soil; the 
top of the can was covered with cheesecloth. The 
adults remained in the chambers for 24 hours, then 
were removed, and the eggs were collected by sifting 
the soil from each chamber over a screen mesh. 
Eggs were placed in tin ointment boxes for incubation 


to the embryonic stages desired. 


1 Accepted for publication February 13, 1961. E . 
Assistant Professor of Entomology, Department of Biologi- 
cal Sciences, Long Beach State College, Long Beach 4, California. 


star the fifth abdominal ganglion also is included in the 
terminal ganglionic mass and the cord terminates in the 
anterior part of the first abdominal segment. In the third 
instar abdominal ganglia 4 to 10 are fused, and the cord 
terminates in the mesothorax. In adults the ventral nerve 
cord consists of the subesophageal ganglion, a definite 
prothoracic ganglion, and a fused, terminal ganglionic 
mass consisting of the meso- and metathoracic plus all 
10 abdominal ganglia, the cord terminating in the meso- 
thorax. 


Eggs were killed by dropping them into hot water, 
between 60° and 70° C., few minutes. They 
were then transferred to alcoholic Bouin’s fixative, 
the chorions were punctured, and the embryos were 
allowed to fix for 24 hours. 

Aiter fixation, embryos were washed in three to 
five changes of 70% ethyl alcohol. The chorion and 
away, and 


for a 


vitelline membrane were dissected each 
embryo was stained in toto with borax carmine, then 
destained with acid alcohol until only the embryo 
retained the stain and the yolk appeared pale yellow. 
Stained embryos were stored in small, cotton- 
stoppered vials submerged in 95% ethyl alcohol until 
needed for observation. 

All three larval instars, pupae, and 
majalis were dissected ventrally and_ the 
nerve cord was stained with hematoxylin for observa- 


adults of A. 
ventral 


tions in toto. 


LITERATURE REVIEW 


The literature dealing with the morphology of the 
ventral nerve cord during the life stages of beetles 
is sparse Areekul (1957) described the nervous sys- 
tem for several genera of larva Scarabaeidae. Krause 
and Ryan (1953) discussed the embryonic develop- 
ment of the nervous system in Popilius (Passalus), 
and Luginbill (1954) did the same for Phyllophaga. 
Johannsen and Butt (1941) discussed the number of 
ganglia in the nerve cord of the embryo of Brachy- 
rhinus. Cody and Gray (1938) studied the changes 
in the nervous system during the life stages of 
Passalus, while Wray (1937) included a discussion 
of the formation of the nerve cord in the embryo of 
Calendra. Murray and Tiegs (1935) worked on the 
embryonic development of Calandra, including the 
nerve cord. Malouf (1932) included some discussion 
and drawings of nerve-cord anatomy in his work 
on a “white grub.” Wu (1931) described the nervous 
system of the larva of Osmoderma, while Graber 
(1890) followed the development of the nerve cord 
in Melolontha and Hydrophilus. Michels (1880) 
studied the nervous system of Oryctes, and Brandt 
(1879) included in his studies the changes seen in 
the ventral nerve cord of a number of insect orders, 
including the Coleoptera. 


660 
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OBSERVATIONS 


In an early embryo of A. majalis, after segmenta- 
tion of the germ band has taken place, 10 distinct 
neural ridges (fig. 1, nr) are seen to lie on each 
side of the neural groove (ng) in the 10 abdominal 
segments. In the thorax (I, II, III) three neural 
ridges are apparent, and neural ridges belonging 
to the mandibular (md), maxillary (mx), and labial 
(lab) segments also exist. In a later embryonic stage, 
before dorsal organ formation has commenced (fig. 
2), the paired neural ridges in each of the 10 ab- 
dominal segments, the 3 thoracic segments, and the 
mandibular, maxillary, and labial segments become 
even more conspicuous as ganglionic nodes. Also 
apparent is the development of longitudinal connec- 
tives joining nodes on the same side, and transverse 
connectives joining opposite nodes within the same 
body segment. There is some reduction in the size 
of the 10th pair of nodes, apparently signifying their 
fusion with the nodes of the ninth abdominal seg- 
ment. 

In embryos in which dorsal organ formation is 
evident (fig. 3) the paired ganglionic nodes of the 
3 thoracic and the 10 abdominal segments have fused 
transversely and laterally, giving them a dumb-bell 
appearance. The mandibular, maxillary, and labial 
nodes have fused into one solid mass, forming the 
subesophageal ganglion (seg). In the posterior ab- 
dominal segments the 8th, 9th, and 10th nodes have 
fused into an elongated, terminal, ganglionic mass. 
The lateral nerves from the fused and the unfused 
abdominal ganglia can be seen to innervate their 
corresponding segments. 

3y the time the embryo hatches into a first-instar 
larva (fig. 4), abdominal ganglia 6 to 10 (6-10g) 
have fused, and the cord terminates in the posterior 
part of the first abdominal segment (a,). In this 
larval stage the subesophageal ganglion and the pro- 
and mesothoracic ganglia lie within the prothorax, 
the metathoracic and first abdominal ganglia lie in 
the mesothorax, and abdominal ganglia 2 to 5 are 
found in the metathorax. 

In the second-instar larva (fig. 5) the cord has 
shortened to such an extent that it terminates in the 
anterior region of the first abdominal segment. The 
fifth abdominal ganglion has now fused with ganglia 
6 to 10. The subesophageal ganglion now lies en- 
tirely within the prothorax, while all three thoracic 
ganglia and the first abdominal ganglion lie in the 
Abdominal ganglia 2 to 4 and part of 
abdominal 


mesothorax. 
the fused terminal ganglionic mass of 
ganglia 5 to 10 lie in the metathorax. 

In the third-instar larva (fig. 6) the condensed 
terminal mass of the cord includes the fusion ele- 
ments of abdominal ganglia 4 to 10 (4-10g), and 
the cord terminates in the anterior part of the meso- 
thorax. The subesophageal ganglion, all three 
thoracic ganglia, and the first abdominal ganglion 
now lie in the prothorax. 

In the pupa and adult (fig. 7) the fusion of the 
meso- and metathoracic ganglia with all 10 of the 
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abdominal ganglia is evident, while the prothoracic 
ganglion remains completely separate from the sub- 
esophageal ganglion and the terminal ganglionic mass 
of the cord. The subesophageal and first thoracic 
ganglia lie in the prothorax, and their longitudinal 
connectives are evident. In adults of both sexes the 
ventral nerve cord terminates in the anterior part of 
the mesothorax (see fig. 7). 
DISCUSSION 

That changes do occur in the morphology of the 

cord during embryonic and _post- 


ventral nerve 


embryonic development is commonly known. Trans- 
verse and longitudinal connectives appear to shorten, 
and ganglionic nodes of neuroblasts condense into 
ganglia in the mouthpart, thoracic, and abdominal 


segments. In postembryonic stages of development 
the terminal ganglia of the nerve cord undergo more 
fusion and are displaced to a greater distance from 
the respective segments that they innervate. Snod- 
grass (1954) stated that the significance of these 
gross changes in the nervous system is not clear, but 
that concentration and anterior displacement of gang- 
lia is always found in the more specialized insects. 
The significance of these striking changes in the 
ventral nerve cord of insects during metamorphosis 
may possibly be indicated in a suggestion made by 
Murray and Tiegs (1935), in that the nervous 
system of an insect becomes readjusted during 
metamorphosis to meet the needs of the highly spe- 
cialized imaginal musculature.” 
Areekul (1957) stated that in 
primitive scarabaeid larvae eight abdominal ganglia 
are present, the first seven equal in size and the 
eighth slightly larger. In more specialized larval 
forms, such as Polyphylla, he found that all the 
ganglia are fused into a short, narrow, ganglionic 
mass found in the prothorax. He said further that, 
according to Gressitt (1953), Oryctes probably has 
the most specialized nervous system of the Scara- 


some of the more 


baeidae. 

The morphology of the ventral nerve cord in the 
larval stages of Amphimallon majalis most nearly 
compares with that the larval stages of 
Polyphylla as figured by Areekul. Malouf (1932), 
in his work on a “white grub,” described neither the 
ventral nerve cord in detail nor the larval instar 
that he studied. However, his figure 34 (page 84) 
shows the ventral nerve cord as consisting of the 
subesophageal ganglion, a definite pro- and a meso- 
thoracic ganglion, and the fused, terminal ganglionic 
mass composed of the metathoracic and all 10 ab- 
dominal ganglia, the nerve cord terminating in the 
mesothorax. Wu (1931) showed the larva of Os- 
moderma to have three distinct thoracic ganglia and 
seven distinct abdominal ganglia which have not 
fused, the 8th, 9th, and 10th abdominal ganglia 
representing the fused terminal ganglionic mass of 
the ventral nerve cord. Wu made no mention of the 
larval instar studied, nor of the segment in which 
the ventral nerve cord terminates. 

For larval Coleoptera, in general, Brandt (1879) 


seen in 
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EXPLANATION OF FIGURES 
Fic. 1—Early embryo of Amphimallon mayjalis, showing segmentation. Fic. 2—Embryo before dorsal organ 
formation. Fic. 3—Embryo after dorsal organ formation. Fic. 4.—Ventral nerve cord of first-instar larva of 
A. majalis. Fic. 5.—Ventral nerve cord of second-instar larva. F1G. 6—Ventral nerve cord of third-instar larva. 
Fic. 7—Ventral nerve cord of adult. 





1961] 


said that important differences are recognized in the 
metamorphosis of the nervous system. He recognized 
the fact that the .eneralized nerve cord in larval 
Coleoptera is made up of the subesophageal, the three 
thoracic, and the eight abdominal ganglia, the last 
one of which represents the fusion elements of the 
8th, 9th, and 10th abdominal segments, and that all 
of these are connected by longitudinal connectives. 
It is evident that Brandt was cognizant, in the higher 
or more specialized larval Coleoptera, of the coales- 


cence of all the abdominal ganglia with the thoraci¢~ 


ganglia to make up a fused, shortened ganglionic 
mass attached to the subesophageal ganglion. 

In the adult of 4. majalis the ventral nerve cord 
is very similar to that found in Polyphylla and 
Oryctes, in that it consists of a definite prothoracic 
ganglion and a fused, terminal ganglionic mass made 
up of the meso- and metathoracic and all 10 ab- 
dominal ganglia. The nerve cord of A. majalis must 
therefore be considered as representing those Coleop- 
tera that have the most specialized type of nervous 


system. 


PROTHORAX 
MES OTHORAX 


METATHORAX 
ABDOMEN 1 
2 


3 
4 
5 
6 
+ 


8 


9 


Fic. 8.—Position of fused terminal ganglionic mass in 
the various life-history stages of Amphimallon majalis. 


LIST OF 


An, antennae; Al, head lobe; lab, labium; lbr, 


T;, metathorax, ay, 
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labrum ; 


nr, neural ridge; pp, pleuropodium; seg, subesophageal ganglion; te/, telson; 7, 
first abdominal segment; 1, appendage of first abdominal segment; 10, tenth abdominal somite ; 
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The metamorphosis of the ventral nerve cord in the 
various life history stages of this species can easily 
be followed in figure 8. 
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neural 
mesothorax ; 


maxilla; ng, groove: 


prothorax; Ts, 


md, mandible; mr, 


8,9,10g, fusion of 8th, 9th, and 10th abdominal ganglia; 6-10g, 5-10g, 4-109, and 1-109, fused abdominal ganglia ; 


II-IIIg, fused meso- and metathoracic ganglia. 





Eggs of Floodwater Mosquitoes VIII. Effect of Serial Temperatures 
on Conditioning of Eggs of Aedes stimulans Walker (Diptera: Culicidae)' 


WILLIAM R. HORSFALL*’ anp H. WADE FOWLER, JR+ 
ABSTRACT 


Eggs of the snow-pool mosquito are conditioned to 
hatch by a sequence of temperatures simulating those of 
field conditions. The longer eggs are exposed to mean 
monthly summer temperature (24° C.), up to 120 days 
before exposure to winter temperatures (4°), the greater 
the percentage of hatch following exposure to cold. For 


Aedes stimulans Walker is a floodwater mosquito 
that characteristically has but one generation each 
year. Such mosquitoes hatch in the spring after hav- 
ing passed through the preceding summer and win- 
ter as fully formed embryos in eggs. This mosquito 
is among the first to appear each year in woodland 
ground pools flooded by rain or melting ice. State- 
ments in the literature based, as they have been, on 
observations in natural sites have led to some mis- 
understanding of the effect of temperature and par- 
ticularly that of low temperatures on disposing the 
eggs to hatch. 

Eggs are deposited during early summer on or 
very near the actual soil layer beneath dead plant 
debris such as sticks, bark, and leaves in areas of 
total shade such as well-canopied woodlands. Whereas 
the site must be subject to shallow flooding during 
the spring, no water covers an oviposition site at 
the time eggs are being deposited. Under natural 
conditions embryos are latent from about mid-June 
until sometime after mid-February or mid-March. 
The earliest they have been known to hatch in the 
field at Urbana, Illinois, was February 2 and the 
latest was April 15. Since the well- 
shaded sites, the temperature of their surroundings 
is subject to minimum daily fluctuations, at least 
during the summer. Mean monthly temperatures 
reflect well the general conditions to which they are 
subject. McDaniel (1958) has shown that the mean 
monthly temperatures to which eggs are subject at 
Urbana, Illinois, vary from 23° down to 16.6° C. 
for the interval July through October (4 months). 
November through February (3 months) mean 
monthly temperatures are between 5° and —4° C. 
The mean monthly temperature for March is a little 
over 4° C. During any one of these three periods, 
eggs may be submerged, but in nature they hatch 
only during the time of rising temperature after 
winter ice has begun to thaw. The purpose of this 
paper is to report on a series of observations on the 
effects of different exposures to serially different 
temperatures simulating the normal mean monthly 
temperatures on preparation of eggs of this univoltine 
aedine for hatching. 


eggs lie in 
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2 University of Illinois, Urbana. 

3 Environmental Health Agency, 
Maryland 


Army Chemical Center, 


each lot exposed to 24°, hatching was further enhanced 
by exposure to 4° up to 90 days. The principal effect of 
exposure to cold was to prolong the period of hatching 
after the eggs were again exposed to 24°. No eggs 
hatched which had not experienced a cold period. 


METHODS 


Eggs used in this experiment were obtained in the 
laboratory from wild-caught collected at 
Urbana, Illinois. The pool of eggs was deposited 
within an 8-day interval, June 21-28, 1960. June 25 
was considered the average date of oviposition, and 
all exposures were calculated that base date. 
Embryonated eggs were stored on moist filter paper 
placed on moist cellucotton in a moist chamber. At- 
mospheric humidity at all times was maintained at 
100 percent RH. Lots of 32 eggs each were separated 
from the pool and were placed in petri dishes for 
treatment. Simulated summer conditions for pre- 
cold and postcold treatment were those of an in- 
sectary where the temperature was 24°+2° C. 
Simulated winter conditions those of a re- 
frigerated box where the temperature was 4°+1° C. 

All hatching was carried out at 24° in nutrient 
broth in which the oxygen was slowly depleted 
by microbial growth. The hatching medium con- 
tained dehydrated broth diluted at a rate of 3 gm. 
per liter of tap water. Hatching chambers were open 
shell vials 1.7 x 6.5 cm. filled nearly to capacity 
with the hatching medium. At the expiration of 12 
hours counts were made of larvae that had hatched. 
Unhatched eggs were broken to determine whether 
they contained hatchable embryos. Eggs with dead 
embryos were discarded. This biological method of 
reducing the oxygen was chosen instead of one in- 
volving chemicals or instead of replacing the oxygen 
with other gases because Aedes stimulans hatches 
much more uniformly when the oxygen content of 
the medium is reduced slowly. All other methods for 
gradually depressing the level of oxygen are either 
tedious or introduce a variable large enough to ob- 
scure the results. The biotic method used requires 
8 to 12 hours for the completion of hatching. Records 
were made 12 hours after submerging eggs in the 
hatching medium. 


females 


from 


were 


RESULTS 


Eggs of Aedes stimulans require an interval of at 
least 180 days after deposition for conditioning for a 
consistently high percentage of hatching. Not only 
is the span of a half-year required, but a sequence 
of exposure first to summer temperature, then to 
winter temperature, then to a rising temperature 
is required. Actually no eggs could be induced to 
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hatch by a continuous exposure to summer (24°) 
temperature for a half-year (see table 4). Neither 
would eggs hatch that were kept continuously at 
winter (4°) temperature. Sequence of precold, cold, 
and postcold temperatures, though, showed charac- 
teristic rates for conditioning eggs as is shown in 
the tables and graphs. 
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Fig. 1.—Effect of cold (4°) for 30 days on conditioning 
of eggs of Aedes stimulans in the laboratory, 1960. 
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Fic. 2.—Effect of cold (4°) for 60 days on condition- 
ing of eggs of Aedes stimulans in the laboratory, 1960. 


HorsFALL AND FowLerR: Eccs oF FLoODWATER MOSQUITOES 


665 


Exposure of eggs first to summer temperatures 
(herein called precold) then to a cold period con- 
ditioned eggs for hatching in direct proportion to 
the duration of the warm phase (fig. 1-3). The effect 
is noticeable regardless of the length of time spent 
in the cold state. Figure 1 shows the relative effect 
of the precold interval when followed by 30 days at 
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ing of eggs of Aedes stimulans in the laboratory, 1 


4°. A precold exposure of 40 days induced very few 
eggs to hatch. From table 1, the total number is 4 
from 173 eggs. On the other hand, eggs exposed to 


a precold interval of 120 days hatched moderately 


Table 1—The effect of exposure to cold (4°) follow 
ing incubation at 24° for 40 days on hatching of eggs o 


Aedes stimulans in the laboratory, 1960. 
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well for a short time after they were returned to the 
summer temperature. The actual number conditioned 
by this longer interval of precold temperature over 
the entire 5-day postcold period was 59 of 186 eggs 


Table 2—Effect of exposure to cold (4°) following 
incubation at 24° for 60 days on hatching of eggs of 
Aedes stimulans in the laboratory, 1960. 
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that were treated (table 4). The percentage of total 
hatch was 2 percent for a 40-day exposure and 32 
percent for the 120-day exposure. While more eggs 
were conditioned for hatching by longer precold ex- 
posures, the period during which maximum hatching 


Table 3.—Effect of exposure to cold (4°) following 
incubation at 24° for 90 days on hatching of eggs of 
Aedes stimulans in the laboratory, 1960. 
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occurred was short (1+ days). Within 5 days after 
the cold treatment, the conditioning effect was prac- 
tically lost (fig. 1). 

The degree of conditioning induced by 60 days at 
4° likewise varied according to the duration of the 
precold interval (table 2). A precold treatment for 
40 days resulted in a total hatch of 23 of 177 eggs, 
or 13 percent (table 1). An exposure for 120 days 
at 24°, on the other hand, conditioned 144 eggs in 
a population of 188 eggs, or 78 percent (table 4). 
Exposures for 60 and 90 days conditioned percentages 
ranging between these two extremes. Percentage of 
hatch declined steadily from day to day after the 
peak incidence at the end of 24 hours after removal 
from the cold chamber. The rate of decline, how- 
ever, was less than that when eggs were exposed only 
30 days at 4°. 

Table 4.—Effect of exposure to cold (4°) following 
incubation at 24° for 120 days on hatching of eggs of 
Aedes stimulans in the laboratory, 1960. 
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Exposure to cold for 90 days following a _pre- 
cold interval had a distinct tendency (1) to prolong 
the hatchability of eggs after they were removed from 
the cold chamber (fig. 3) and (2) to condition more 
eggs. The rate of decline in hatching over the 5-day 
postcold interval was slight for the eggs subjected 
to 90 days precold treatment. Even those having only 
a 40-day exposure to 24° did not decline in hatching 
until the fifth day. The comparative rates of hatching 
for an exposure of 40 days to precold conditions 
and 90 days were 49 of 176 eggs or 28 percent and 
122 of 158 or 72 percent (tables 1 and 3). 
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A Review of the Nearctic Species of Chlorion (Hymenoptera: Sphecidae ) 
with the Description of a New Species from Baja California’ 
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ABSTRACT 


Chlorion is raised from subgeneric to generic status, 
and C. boharti is described from Baja California. C. 
cyaneum Dahlbom (=Sphex occultus Kohl) is resur- 
rected from synonymy under C. aerarium Patton (=S. 


Until recently Chlorion has been considered a sub- 
genus of the large genus Sphex Linn. (sensu Mur- 
ray 1951). Bohart (1958) raised Priononyx from 
a similar status to that of a genus. Chlorion likewise 
is worthy of generic status. As treated here, it is 
restricted to those wasps that possess the following 
combination of characters: second submarginal cell 
of forewing higher than broad and receiving only 
the first recurrent vein; inner margin of each tarsal 
claw bearing a single tooth which is situated ap- 
proximately midway between apex and base of the 
claw; color metallic green, blue, or purple (in 
Nearctic species ). 

Recent studies indicate that Chlorion does not be- 
long to the tribe Sphecini sensu Murray (1951) 
(=tribe Chlorionini, Krombein 1958), but actually 
should be placed in the tribe Sceliphronini. This 
question will be discussed more fully in a tribal re- 
vision of the subfamily Sphecinae now being con- 
ducted in collaboration with Dr. R. M. Bohart. 

In the Hymenoptera Catalog of Muesebeck et al. 
(1951), the one species of Chlorion listed by Mur- 
United States was C. aerarium Patton, 
and C. cyaneum Dahlbom was placed there as a 
synonym. The latter is now known to be a valid 
species. Dr. R. M. Bohart, in Europe at the time 
this paper is being written, has been kind enough 
to examine the types of cyaneum, nearcticum Kohl 
and occultum Kohl; and, in addition, has taken suff- 
cient data to enable the author to designate lectotypes 
for these entities. 

While identifying the Chlorion in the California 
Academy of new from Baja 
California was discovered. 


ray for the 


Sciences, a species 


Chlorion boharti Menke, new species 
(Figs. 3, 6, 7) 

Male.—Metallic blue, legs reddish-brown with some 
bluish reflections on dorsal surfaces, mandibles brown ; 
wings brown-stained ; pubescence of head and thorax 
dense, erect, black, two to four times as long as 
mid-ocellus diameter; hair on abdomen short, ap- 
pressed, brownish; front of head, all of prothorax 
above lateral concavities rather densely punctate, the 
punctures tending to form ridges, obscure towards 
vertex and on abdomen; scutum before tegulae punc- 
tate like prothorax, punctures of disk distinct, mostly 


1 Accepted for publication February 13, 1961. 


nearcticus Kohl), and a key is provided to the three 
species now known from the United States and northern 
Mexico. Lectotypes are designated for L. cyaneum, 
occultum, and nearcticum. 


one or more diameters apart, intervening spaces 
shining; scutellum rounding off rather rapidly pos- 
teriorly, disk punctate like scutal disk, finely, longi- 
tudinally striate posteriorly; postscutellum with sev- 
eral thin, transverse mesopleura rather 
densely punctate, the punctures forming diagonal or 
vertical ridges, ridges becoming obsolete ventrally ; 


ridges ; 


legs sparsely punctured, finely shagreened, somewhat 
shiny ; propodeal enclosure with interrupted or reticu- 
late network of ridges at anterior one-sixth, the re- 
mainder with coarse, transverse ridges; petiole and 
hind coxa equally long; free margin of clypeus bear- 
ing three small teeth; flagellar segments I-IV about 
equally long; subgenital plate as in figure 6; dis- 
sected aedeagus as in figure 3; body length 14.5- 
18.5 mm., length of fore wing 11-14 mm. 
Female.—About as in male, except for the follow- 
ing. Clypeus with an acute, median tooth and two 
flat, lobelike teeth on either side, margin beyond 
lateralmost lobes with small, subsidiary teeth (figure 
as Hi: 
13.5-14 


7); flagellar segment I 1% times as long 
body length 20-21 mm.; fore wing length 
mm. 

Holotype male: La Paz, Baja California, June 3, 
1921 (E. P. Van Duzee). Seven males, 
four females, with same data as holotype; one male, 
Venancio, Baja California, July 17, 1938 (Michel- 
bacher and Holotype and several paratypes 
in the California Sciences; additional 
paratypes will be placed in the U. S. National Mu- 
seum; University of California, Berkeley and Davis; 
and the Los Angeles County Museum. 

The dense black hair that clothes most of the body 
easily separates this species from the two Nearctic 
species of Chlorion. Other 
porated in the key to species. C. 
only from the types. 


Paratypes: 


Ross ). 


\cademy of 


differences are incor- 


boharti is known 


Chlorion aerarium Patton 
(Figs. 1, 4, 9) 
Sphex coerulea Drury, 1773, Illus. Nat. Hist. 

(preoccupied by Sphex coerulea Linn., 1763). 

Chlorion aerarium Patton, 1879, Canadian Ent. 11: 133 

(female). 

Sphex nearcticus Kohl, 1890, Ann. k.k. Naturhist 

Wien 5: 186 (male and female). 

The characters presented in the key readily identify 
this common species. The distinctive subgenital plate 
and dissected aedeagus of the male are illustrated in 
figures 4 and 1, 


Hofmus. 


respectively; the clypeal outline of 
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|. aerarium 2. cyaneum 3. boharti 


4. aerarium 5. cyaneum 6. boharti 


7. boharti 


8. cyaneum 


9. aerarium 


2 


Fics. 1-3.—Dissected aedeagi of Chlorion males. Fic. 1, C. aerarium; Fic. 2, C. cyaneum; Fic. 3, C. boharti, 
Fics. 4-6.—Subgenital plates of Chlorion males. Fic. 4, C. aerarium; Fic. 5, C. cyaneum; Fic. 6, C. boharti. 
Fics. 7-9.—Outlines of the clypeus of Chlorion females. Fic. 7, C. boharti; Fic. 8, C. cyaneum; Fic 9, 
C. aerarium. 
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the female is shown in figure 9. The five main teeth 
are subtended by many smaller ones. This wasp is 
widespread in the United States, and also occurs 
in Canada and Mexico. 

C. aerarium displays several color forms in various 
parts of its range. Specimens from the eastern United 
States are predominantly dark purple, whereas in 
the western United States the species is commonly 
blue. Some specimens from the Colorado desert in 
southern California are green. Further study is 
needed to determine whether or not these color pat- 
terns represent subspecific differences. 

Location of Types—The type of coerulea Drury 
is unknown and presumed lost or destroyed. The 
type of C. aerarium Patton is a female taken at 
Plainville, Connecticut, on August 30, 1871, and is 
located in the Academy of Natural Sciences of 
Philadelphia. Kohl’s syntypes of nearcticum are lo- 
cated in the Natural History Museum in Vienna, 
Austria, and as lectotype I am selecting a male speci- 
men on which Dr. R. M. Bohart has placed a red 
type label. The specimen bears an additional label, 
“America borealis.” 


Chlorion cyaneum Dahlbom 
(Figs. 2, 5, 8) 
Chlorion cyaneum Dahlbom, 1843, Hymenopt. Europaea 

6: 22 (male and female). 

Sphex occultus Kohl, 1890, Ann. k.k. Naturhist. Hofmus. 

Wien 5: 187 (male and female). 

This species is easily identified by the characters 
in the key. The subgenital plate and the dissected 
aedeagus of the male are illustrated in figures 5 and 
2, respectively. The outline of the clypeus of the fe- 
male is shown in figure 8. C. cyaneum is primarily 
a Mexican insect, but occurs in Texas, New Mexico, 
and Arizona. 

Location of Types——The syntypes of cyaneum are 
in the Zoological Museum of the University at Lund, 
Sweden. Dr. R. M. Bohart has placed a red type 
label on a male specimen which I am designating as 
the lectotype. There is an additional label, “Mexico, 
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3erl.” The syntypes of occultum are in the Natural 
History Museum in Vienna, Austria, and I am 
designating as lectotype a male specimen on which 
Dr. Bohart has placed a red type label. This speci- 
men has an additional label, “America Borealis.” 


KEY TO THE SPECIES OF 
CHLORION TREATED HERE 


Males, antennae 13-segmented 2 
females, antennae 12-segmented ” 
Face with silvery, appressed pubescence 
. cyaneum \ahlbom 
Face without silvery, appressed pubescence 3 
Mesopleural surface along posterior margin smooth 
between punctures, without ridges; scutal and 
pronotal punctation fine, the punctures widely 
spaced ; petiole obviously longer than hind 
coxa derarium Patton 
Mesopleural surface along posterior margin ridged 
or wrinkled between punctures; scutal and pro- 
notal punctation moderate, the punctures very 
close together; petiole about as long as hind coxa 
boharti n. sp. 
everywhere smooth between 
and scutum with fine, 
aerarium Patton 


Mesopleural surface 
punctures; pronotum 
scattered punctures 

Mesopleural surface ridged or wrinkled between 
punctures; pronotum and scutum with coarse, 
rather dense punctures, at least anteriorly 5 

Head and scutum not densely hairy; scutum 
coarsely, densely punctate anterolaterally but with 
only fine, widely scattered punctures posteriorly 

cyaneum Dahlbom 

Head and scutum densely hairy; scutum every- 
where rather densely punctate boharti n. sp. 
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Observations on Toxorhynchites rutilus septentrionalis (Dyar and Knab) 
in the Field and Laboratory (Diptera: Culicidae)' 
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ABSTRACT 


Oviposition behavior in the field is indicated by a 
series of vertical loops, successively decreasing in di- 
ameter, until an egg is forcibly ejected onto the surface 
of the water. Field observations indicated that this 
species may be more important in biological control than 
hitherto believed. Cannibalism seems to be a circum- 


This species develops in tree holes and rot cavi- 
ties, and is predaceous on other forms of invertebrate 


1 This study was initiated under support of a National Science 
Foundation Grant and continued under Grant No. E-528 (C-11) 


stantial obligation. Laboratory rearing methods are given. 
Observed mating attempts occurred after 4 p.m. Ovi- 
position was not obtained in the laboratory. Adults fed 
almost exclusively from food containers near the top of 
the cage. 


life, primarily on mosquito larvae. In the absence 


of other sources of food it is cannibalistic. 


of the National Institutes of Health. Accepted for publication 
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FIELD STUDIES 


Field studies were carried on from June 1959 to 
November 1960, in a small valley called Neotoma 
Valley, in Hocking County, Ohio. 

The senior author has never observed a male in 
the field. Thibault (1910) however, that he 
had collected males by the hundreds on a vine of the 
genus Rhus, attached to a hackberry tree. He further 
stated, seldom taken in the field and I 
do not understand just why. I find the males of a 
certain locality all go to a certain tree or bush and 
are always to be found there, yet not a single female 
will be seen. I have looked at all times of the day and 
before day and after night.” 

The senior author observed females a half-dozen 
or more times at rot cavities or tree holes where they 
had come to oviposit. The act of ovipositing has at 
times been misinterpreted as a mating dance, or be- 
havior associated with sex. Breland (1949) cor- 
rectly thought it to be the oviposition behavior, but 
was unable to confirm this definitely. 

The female begins her oviposition routine by de- 
scribing a vertical loop some 18 to 24 inches in 
diameter over the water or opening to the water. 
As she makes these loops or circles over the water, 
she appears to diminish the diameter of the loops 
while maintaining approximately the same _ speed. 
When the loop has been reduced to some 4 to 6 
inches in diameter, the female forcibly ejects a pearly 
white egg on the downward dive of each loop. The 
eggs quite often bounce or ricochet 2 to 3 inches 
into the air as they strike the water surface. They 
are extremely buoyant. Breland (1949) has given 
an excellent description of the egg. 

The female may lay f four to a 


said, 


“Females 


from dozen eggs 
before alighting on some nearby foliage, or flying 
away into the forest. Females have been seen to 
alight on nearby foliage, then, after an interval of 
3 to 20 minutes, return and deposit more eggs. 

The efficacy of this species as a control agent has 
been questioned in view of its cannibalism. The 
authors’ observations, both in the laboratory and the 
field, indicate that it is cannibalistic primarily as a 
last (see table 1). These observations on 
cannibalistic behavior are in accord with those of 
Breland (1949), who stated, “Cannibalism 
served once or twice before specimens (newly hatched 
first instars’) were segregated, but they did not seem 
to be as much attracted to their fellows as to other 
species of larvae. the larvae were 
seen to bump into each other with no reaction from 
either party, while on one occasion three Megarhinus 
| Toxorynchites| larvae fed peacefully upon a larva 


resort 


Was ob- 


Several times, 


of A. triseriatus.” 
The following conditions were noted at the five 
breeding sites that were observed during the period 
May 23 to September 28: 
1. Fresh eggs of 1 oxorynchites were observed on 
the water at each site at least once a week. 
2, Toxorynchites larvae were found in each of 


2 Material in parentheses inserted by the authors of this paper. 
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Table 1.—Population samples. 


Number of larvae taken 


T oxorynchites 
septentrionalis 


Aedes 
triseriatus 


Number 
Date of dips 
June 8 10 154 0 
June 22 25 37 12 
June 29 10 1 
July 13 10 2 
July 27 10 0 
Aug. 17 10 0 
Sept. 7 10 0 2 
Many* 


7 
Sept. 28 10 0 


a All instars present; many of the larvae in first and second 


instars 


the sites throughout the entire period, and 64 were 
removed to the laboratory for tests. 

3. Aedes triseriatus adults were always present at 
each of the sites. 

4. The populations of larval Aedes triseriatus were 
continuously reduced, so that by the middle of August 
none were taken in 10 sample dips. 

All sample dips were made using a common cook- 
ing baster—a glass tube, tapered at one end and 
with a rubber suction bulb attached to the other end. 
Its total capacity was approximately 150 ml. 


LABORATORY STUDIES 


Eleven larvae, of the third and fourth instars, 
were brought into the laboratory and confined in- 
dividually in 30-ml. glass bottles. They were fed 
larvae of Aedes aegypti (L.); and, though no record 
was kept of the number of aegypti larvae consumed 
per larva of Toxorynchites, it was considerably more 
than hitherto reported (Herrick 1905, Basham et al. 
1947). 

Time spent in the different larval stages was not 
determined, due to the limited number of individuals 
available and the many factors that would have to be 
studied. Not only quantity of food and heat, but also 
light, operate in determining the rate of development. 
It was noted that 4 days were required to complete 
the pupal stage at 27° C. Breland (1949) made an 
excellent study of the larval development of this 
species. 

It was necessary to transfer the pupae from the in- 
dividual bottles to containers with larger openings to 
permit successful emergence. The adults were allowed 
to emerge into a cage measuring 24x24x20 inches, 
constructed with a masonite bottom, a white cheese- 
cloth top, and plastic screen sides, to one of which 
was attached a white muslin sleeve 8 inches square. 


FEEDING 
It is confirmed that the adult is not a bloodsucker 
(King et al., 1942, Howard et al., 1913). Howard 
et al. noted that this mosquito fed on the nectar from 
flowers of Hydrangea arborescens. 
The adults were offered an artificial diet consisting 
of 1 liter of 10% sucrose solution to which 25 ml. of 


extracted honey was added. Gauze pads, 2 inches 
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square, were rolled as wicks and inserted in 10x70 
mm. glass vials filled with the solution. To determine 
whether the mosquitoes were feeding, before they be- 
gan to die of starvation, Burnett’s commercial food 
coloring was added to the solution. Two vials were 
attached to each side of the cage, one adjacent to the 
top, the other at the bottom, with both the vials 
on one side containing the same color of food solu- 
tion. The were red, green, blue, and 
yellow. 

Subsequently, adults were observed with red, 
green, and yellow food solution in the abdomen. The 
adults in 80% of the 90 observations made had red 
or yellow coloring, with red predominant. This is 
not to say that red wave lengths are more attractive 
to the insects than the others, since no regard was 
given to concentration, light, or other factors. 

Observations did not show that the mosquitoes flew 
directly to the food. In fact, at times they appeared to 
alight and feed quite by accident. The following ob- 
servation, recorded a dozen times or more, is given 
in explanation. When an adult is placed on a food 
pad it usually shows none of the behavior we as- 
sociate with feeding until its proboscis is forced 
against the food pad by the experimenter, but when 
this is done it usually feeds to repletion. If the 
proboscis is not forced to the food pad, the mosquito 
frequently rests quietly without feeding, or flies away. 
The feeding stimulus may very well be some particu- 
lar odor, symmetry of food source, color, or some 
combination of these three, or some unknown factor. 

Since possibly some particular location of the food 
container in the cage might be more suitable than 
other locations, all the food pads near the top of the 
cage were colored red and those near the floor were 
colored yellow. This arrangement was maintained 
for 5 days, and then reversed. The data secured in- 
dicated that the adults fed almost exclusively from 
the vials at the top of the cage. 


colors used 


MATING 

Six mating attempts were observed. All occurred 
after 4 p.m. The males responded to the females 
when the latter released their hold on the cage and 
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began to fly about, at which time a male would inter- 
cept her and mount her from the rear, and both would 
fall in copula to the floor of the cage. On four oc- 
casions pairs fell into the oviposition vessel on the 
floor. 

Oviposition—An enameled pan, 18x8x2 
was lined with black polyethylene material and filled 
with water taken from rot cavities in the field. Also, 
a 1-liter beaker and a 250-ml. graduated cylinder were 
covered so as to make them opaque, filled with water 
from rot cavities, and placed in the cage with the 
enameled pan. The water became fouled in about 5 
days and was replaced with tap water. 

No behavior was observed that might be associated 
with the oviposition behavior seen in the field. 

Three females were dissected immediately 
death. One of these contained 32 eggs, all of normal 
nonembryonated, and lacking an 
exochorion. Another contained many small, non- 
embryonated eggs and 11 of normal size. The 30 
eggs in the third female were about one-fourth nor- 


inches, 


after 


size, apparently 


mal size. 
LONGEVITY 
Of the mosquitoes that emerged in the laboratory, 


the first adult to die was a male which lived 19 days; 
the last to die was a female which lived 44 days. 
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The Genus Laelaspis, with Descriptions of Three New Species 
(Acarina: Laelaptidae)’ 


PRESTON E. HUNTER 


Department of Entomology, University of Georgia, Athens 


ABSTRACT 


Laelaspis, sometimes regarded as a subgenus of Hy- 
poaspis, is restored to generic status. References to de- 
scription and distinctive morphological characters of the 
female are given for each of the 12 previously described 
species, and full descriptions and figures for Laelaspis 
vitzthumi (Gymnolaelaps vitshumi Womersley, 1956), 
n. comb., and L. lundi (Veracruz), L. piloscutuli ( Vera- 
cruz and Panama Canal Zone), and L. brevipilis (Cali- 


Berlese (1903, p. 13) originally designated Lae- 
laspis as a subgenus of Laelaps C. L. Koch, 1839, 
family Laelaptidae, but in later papers (1921, 1924) 
he treated it as having generic status when describ- 
ing additional species. Vitzthum (1931) also ac- 
corded generic rank to Laelaspis, but later (1943) 
placed it as a subgenus of Hypoaspis Canestrini, 
1885. Radford (1950) listed Laelaspis as a genus 
of the laelaptid subfamily Hypoaspidinae, but Baker 
and Wharton (1952), following Vitzthum (1943), 
again placed Laelaspis as a subgenus of Hypoaspis. 
The group seems sufficiently distinct to warrant its 
restoration as a separate genus of the Hypoaspidinae, 
and it is so treated here. 

Berlese’s original (1903) characterization of Lae- 
laspis was as follows: “Female ventral plate large, 
covering all of the venter, touching the anal plate; 
body size average. Type Laelaps astronomicus 
Koch.” In a second paper, Berlese (1904) gave the 
following more detailed description: “Body widely 
obovate, somewhat pointed posteriorly, widened an- 
teriorly at the shoulders. Dorsum strongly convex, 
integument very shiny. Dorsal setae hairlike, usually 
long and thick, directed backward, gradually becom- 
ing longer on the posterior part of the body, longest 
posteriorly. Genito-anal plate [this undoubtedly 
should be genitoventral plate] of the female noticeably 
widened behind legs IV, occupying the greater part 
of the ventral body area, truncate posteriorly and in 
contact with the long, triangular anal plate. Surface 
of the genito-anal [presumably this also should be 
genitoventral] plate with two very conspicuous 
striations on each side, these striations are parallel 
with each other and extend to the margin of the 
plate, the striations run together anteriorly (some- 
times three striations joining anteriorly) ; the middle 
area of the plate with some striations in the form of 
V’s which are parallel to each other and run together 
posteriorly. Legs normal or robust, usually with well 
developed claws and with a caruncle. Color brick-red 
or brownish-red.”’ 

Berlese considered the striae within the median, 
inverted-V-shaped striation of the genitoventral plate 
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fornia), n. spp. L. wvitsthumi, described from Queens- 
land, Australia, is widely distributed in the southeastern 
United States and has been cultured in the laboratory. 
Observations on the biology of various species are in- 
cluded. Laelaspis has not previously been known from 
North America, and still is unknown from South 
America and Asia. One species, L. austriacus Sellnick, 
1951, is removed to the genus Gymnolaelaps. 


(see figure 1B) of importance in the separation of his 
species. Close study by the present author of a series 
of Laelaspis vitsthumi (Womersley ) showed that the 
number and relationship of the striae within the in- 
verted V were constant, although the striae them- 
selves might vary slightly from specimen to specimen. 
In all species studied the markings of the genito- 
ventral and sternal plates were specifically distinct. 

A search of the literature revealed that 12 species 
and 1 variety of Laelaspis mites have been described 
to date. However, prior to the present paper, none 
have been recorded unquestionably from North 
America. Future investigations and _ collections 
should show this group to be widely distributed in 
the temperate climate areas. 

As no comprehensive review is available for the 
Laelaspis mites, a list of the species is given here, 
with the type habitat of each and with morphological 
characteristics which will aid in distinguishing the 
females. A number of new species in this group will 
undoubtedly be described in the future, and a key 
to the species of Laelaspis would be of only temporary 
value at this time. 


(c. L. Koch) 


[phis astronomicus C. L. Koch, 1839, Deutschlands Crust., 
Myriop. Arachn. Heft 27, Tab. 18. 

Laelaps astronomicus (Koch), Berlese, 1889, Acari, 
Myriop. Scorp. Italia Fasc. 54, No. 6, figs. 1-6; Ber- 
lese, 1903, Zool. Anz. 27: 13 (type species of Laelaspis, 
new subgenus, by original designation). 


Laelaspis astronom’cus 


Berlese (1889) gave the habitat as “with Laelaps 
tumidulus,’ which was taken in Later, Ber- 
(1903) listed L. astronomicus as a wanderer, 
myrmecophilous presumably it 
found in soil. collected 


moss. 
lese 
not a 
would be 
in Germany. 

Genitoventral plate truncate 
dorsal setae spiny, only about one-half as long as 
posterior marginal body setae. The illustration by 
Berlese (1889) shows four pairs of setae arising 
from the surface of the genitoventral plate of the 
female. The male also was illustrated by Berlese 
(1889), but only the chelicerae were described. 

Size: Female, 600u long. Width of female 
size of male not given. 


species, so 


The type was 


broad, posteriorly ; 


and 


672 





Hunter: THe Genus Laelaspis 


B 


Fic. 1.—Laclaspis vitsthumi (Womersley), adult female. A, portion of dorsal plate; B, 
ventral view; C, chelicerae. 
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Fic. 2.—Laelaspis vitzthumi (Womersley), adult male. A, portion of 
dorsal plate; B, chelicerae; C, ventral view. 
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Laelaspis equitans ( Michael ) 


Laelaps equitans Michael, 1891, Proc. Zool. Soc. London 
1891: 649, pl. 50, figs. 5, 5a, 5b. Berlese, 1903, Zool. 
Anz. 27: 13 (listed under Laelaspis, new subgenus). 

Laelaps (Laelaspis) equitans (Michael), Berlese, 1904, 
Redia 1(2): 423, pl. 17, figs. 137-9. 

Michael collected this species from the nest of, and 
riding upon, the ant Tetramorium caespitum, near 
Ajaccio, in Corsica. The claws of all legs are non- 
sclerotized in this species. 

Size: Female, 620p long, 500u wide. 

The original illustration was very poor in detail, 
but Berlese (1904) included a good figure with his 
also described 
and 


redescription of the species. He 
and illustrated the male (520u long, 350 wide), 
recorded the species from Luxemburg. 


Laelaspis equitans ( Mich.) var. longitarsa 
( Berlese ) 


Laelaps (Laelaspis) equitans longitarsa Berlese, 


1904, Redia 1(2): 424. 

3erlese separated this variety from equitans by 
its longer legs (especially the tarsi) and longer 
dorsal setae. Its habitat, from Italy, was the same 
as that of L. equitans. 


Var. 


Laelaspis finitimus (Berlese) 

Laelaps finitimus Berlese, 1903, Zool. Anz. 27: 15 (listed 
on p. 13 under subgenus Laelaspis). 

Laelaps (Laelaspis) finitimus, Berlese, 1904, Redia 1(2): 

426, pl. 17, figs. 143-4. 

This species was described from four females taken 
from a nest of 7apinoma erraticum in Italy. 

Genital plate of female truncate posteriorly, and 
with four separate V-striae in the median, inverted- 
V-shaped striation. The male described, 
and Berlese (1904) gave illustrations of both sexes. 

Size: Female, 450u long, 350u wide; male, 350, 


was also 


long, 260p wide. 


ovisugus (Berlese) 


Laelas pis 


Laelaps ovisugus Berlese, 1903, Zool. Anz. 27: 
on p. 13 under subgenus Laelaspis). 
Laelaps (Laelaspis) ovisugus, Berlese, 1904, Redia 1(2): 

427, pl. 17, figs. 145-7. 

The habitat was given as “in nest of ants, Italy.” 
The female may be recognized by having the genito- 
ventral plate rounded posteriorly, rather than trun- 
cate, and by the very short dorsal and ventral body 


14 (listed 


setae. 

Size: Female, 4594 long, 360% wide; male, 380u 
long, 260p wide. 

The original description was not accompanied by 
an illustration, but Berlese (1904) gave figures of 
both sexes with his redescription of the female; 
he gave no description of the male, however, except 
for the body size. 


Laelaspis humeratus ( Berlese ) 


Laclaps (Laclaspis) humeratus Berlese, 1904, Redia 1(2) : 
425, pl. 18, figs. 151-3. 
The habitat was given as “in 


nest of ants in 
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Luxemburg.” This species has two pairs of posterior 
body setae twice as long as the other body setae, and 
the genitoventral plate of the female is truncate 
posteriorly. 

Size: Female, 600 long, 460% wide; male, 500 
long, 350 wide. 

This species has also been reported from Britain 
by Hull (1925) and from Austria by Willmann 
(1951). 


Laelaspis zuluensis Tragardh 


2 


Laelaspis suluensis Tragardh, 1906, Zool. Anz. 30: 873. 

The habitat was given as “with Pheidole species 
under a rock in Umfalozi, Zululand.” The species 
may be separated from the others of this genus by 
the dorsal setae enlarging apically, and by the absence 
of any V’s or striae within the median, inverted-V- 
shaped striation of the genitoventral plate. Only the 
female has been described, and no illustration has 
been given for this species. 

Size: 560u long, 360p wide. 


Laelaspis aviator Berlese 
Laelaspis aviator Berlese, 1921, Redia 14: 158. (As 

Laelapis in Zool. Record for 1921.) 

Berlese described this species from females taken 
from the sternum of Cetonta Italy. L. 
aviator is unusual in having the genitoventral plate 
wider (270u) than long 
absence of a conspicuous notch in the anterior mar- 
gin of the sternal plate at the base of the tritosternum. 
No illustrations were given with the description. 

Size: Female, 470p long, 330u wide. 


morio in 


(220n), and also by the 


Laelaspis secedens Berlese 
Laelaspis secedens Berlese, 1921, Redia 14: 158. (As 

Laclapis in Zool. Record for 1921.) 

Described from one specimen taken from a beetle, 
from Italian Somaliland. Sternal plate not notched 
at base of tritosternum. Genitoventral plate posterior 
to coxa IV somewhat circular in shape, 190 long 
and 160 wide, with the median V-shaped striation 
having three lines running together to form three 
polygonal No illustration accompanied the 
description. The male is unknown. 

Size: Female, 440 long, 290u wide. 

This is the only Laelaspis species that has been 


areas. 


associated with a beetle. 


Laelaspis regalis Berlese 
Laelaspis regalis Berlese, 1921, Redia 14: 157. (As 

Laelapis in Zool. Record for 1921.) 

Jerlese gave the habitat of this species as ‘“Colum- 
bia (N.A.), in moss.” L. regalis has rather short, 
weak, dorsal setae. Genitoventral plate 330u long 
and 290u wide, the median, inverted-V-shaped stria- 
eight polygonal areas formed by 
sternal plate extending to posterior 
margin of coxa III. No illustration was given with 
the description. The male is unknown. 


Size: Female, 670u long, 510u wide. 


tion enclosing 
oblique lines; 
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Laelaspis calidus Berlese 
Laelaspis calidus Berlese, 1924, Redia 15: 255. 

“In East Africa” was the only habitat information 
given with the original description. L. calidus may 
be separated from the other species of Laelaspis by 
having one pair of posterior body setae twice as long 
as the other body setae; the dorsal setae are pectinate. 
Only the female has been described, and no illustra- 
tion was given with the description. 

Size: Female, 550u long, 420u wide. 


Laelaspis ovatus \Villmann 


Laelaspis ovatus Willmann, 1951, Sitzungsber. 

reich. Akad. Wiss., Abt. 1, 160: 115. 

This species was collected from soil sievings, in 
Austria. The female is distinct in that the meta- 
sternal plates are absent, the metasternal setae arise 
directly from the integument, and the marginal dorsal 
setae are broadened and lightly serrated on one side. 

Size: Female, 525u-555y long, 405 wide. 

The male and deutonymph have been described and 
illustrated by Piryanik (1958), who found females, 
males, and deutonymphs, or combinations of these 
stages, on the red-backed vole (Clethrionomys 
glareolus) on three separate occasions, and one fe- 
male on a field vole (Microtus arvalis). The voles 
were all taken from a forest in the Dnepr region of 
Russia. This is the only record of Laelaspis mites 
being associated with vertebrates, but Piryanik’s 
illustration of the female shows beyond question that 


Oster- 


L. ovatus is the species involved. 


Laelaspis vitzthumi (\Vomersley), 


new combination 


rymnolaelaps vitsthumi Womersley, 1956, Jour. Linn. 


Soc. London, Zool. 42: 584, text figs. 52 E-H. 
Laelaspis georgiae Hunter, 1960, Ann. Ent. Soc. Amer. 

53: 698 (nomen nudum). 

Womersley described this species from a single fe- 
male from Taringa, South Queensland. The original 
illustration did not show clearly the striations of the 
genitoventral and sternal plates. However, on the 
basis of the description and figures, plus a close study 
of a long series of specimens, I have little doubt 
that this is a Laelaspis rather than a Gymnolaelaps. 
Che shape and striation of the genitoventral plate, 
the absence of presternal plates, and the location of 
the genital and ventral plate setae of this species 
ire very similar to those found in other species of 
S. National Museum collection contains a 

series of specimens that fit the description of 

‘mi, except that they all have the metasternal 

rising from a plate, and all have parapodal 

Che original description of vitzthumi stated 

the metasternal plates were represented by setae 

and parapodal plates were not mentioned in the 

description or indicated in the illustration. Other- 

wise, no differences were found, and quite evidently 

these specimens are the same as Womersley’s vitz- 
thumi. 
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This species, which has been successfully cultured 
in the laboratory, was thought at first to be un- 
described, and the manuscript name _ Laelaspis 
georgiae was used for it in a note on laboratory 
technique (Hunter 1960), but without description. 
Subsequent discovery of Womersley’s paper showed 
this to be in error, and L. georgiae Hunter (nomen 
nudum) is a synonym of Laelaspis vitsthumi 
(Womersley ). 

The male is described here for the first time. In 
addition, the female is illustrated for the convenience 
of American workers, and to show details—especially 
the striations of the dorsal and ventral plates—which 
were indistinct in the original illustrations. 

Both sexes of this species are readily distinguished 
from other Laelaspis by the lanceolate-shaped dorsal 
plate setae, by a row of pectinate dorsal marginal 
body setae, by a pair of strong, peripectinate terminal 
dorsal setae, and by the spiny ventral body setae. The 
markings of the genitoventral plate are distinctive 
in the female. 

FEMALE.—The dorsal plate setae, the ventral sur- 
face, and the chelicerae are illustrated in figure 1A, 
B, and C. The striations of the ventral plates, the 
parapodal plates, and the sclerotization seen in the 
leg segments were not distinct in Womersley’s ori- 
ginal illustrations. All the specimens I have studied 
show the metasternal distinct 
plate, as indicated in figure 1B. Womersley gave the 
size of his specimen as 455y long, 390u wide. 

Mare.—Body oval, 380u long, 2704 wide. Dorsal 
plate covered with scalelike markings, most promi- 
nent on posterior half; dorsal plate setae (fig. 2C) 
lanceolate, measuring up to 30 long, dorsal plate 
also with one pair of posterior, subterminal pectinate 
setae and one pair of heavy, posterior, peripectinate 
setae, these last heavier than any other body setae; 
a row of strong, pectinate setae arising from integu- 


seta arising from a 


ment near margin of dorsal plate. 

Ventral Surface—vVenter covered by a 
holoventral plate 310 long, widened abruptly behind 
coxa IV to 220u wide. Surface with 10 
setae in addition to the three anal setae; location of 
pores and striations as shown in figure 2A; ventral 
body setae spined on apical half, primarily on only 
one side; two pairs of lightly spined setae located 
posteriorly between marginal body setae and _ holo- 
ventral plate. Parapodal plate single, narrow, extend- 
ing from anterior margin of coxa II posterior to, 
surrounding coxa IV, not widening be- 


single, 


pairs of 


and partly 
hind coxa IV as in female, but of approximately same 
width throughout. Peritremal plate extending pos- 
terior to stigmata and ending in a point slightly be- 
hind posterior margin of coxa IV, fusing with dorsal 
Base of tritosternum 
wide. 


plate anteriorly above coxa I. 
rather heavy, about 1% times as 
Lacinae two, feathery. Chelicerae as shown in figure 
2B. Spermatodactyl present, curved, digitlike, ex- 
tending beyond movable digit of chelicera. 
Legs.—All tarsi with well developed claws. Light 
sclerotizations in outer leg segments, as shown in 
figure 2A. Lengths of legs, including claw and coxa: 


long as 
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leg I, 350u; leg II, 235; leg III, 235; leg 1V, 300p. 

Allotype and male paratypes in U. S. National Mu- 
seum collection, with the following data: Clarke Co., 
Georgia; Athens, Ga.; August 12, 1959; from culture 
in laboratory; collector, P. E. Hunter. The labora- 
tory culture originally developed accidentally when 
ground litter was brought into the laboratory as cul- 
ture material for acarid mites. 

This species has been taken in several localities in 
North America. In addition to the collections made 
in Georgia, the National Museum collection has speci- 
mens from Illinois, Indiana, Kentucky, Mississippi, 
Texas, and Mexico. 


Laelaspis lundi, new species 


Male unknown. The female differs from other 
Laelaspis females by the striations of the genito- 
ventral plate, the long, lanceolate, dorsal plate setae, 
and the long, simple, ventral body setae arising di- 
rectly from the integument. 

FEMALE.—Body oval, 400u long, 270% wide. Dorsal 
plate faintly marked by striae forming an indistinct, 
scalelike pattern posteriorly; rather sparsely covered 
by slender, lanceolate setae (fig. 3A) measuring up 
to 90u long, set in longitudinal rows, each seta long 
enough to overlap bases of the next two posterior 
setae. 

Ventral Surface—Sternal plate 80 by 130p at 
longest and widest points, respectively; surface with 
small, faint, polygonal markings on anterior half 
(fig. 3B), posterior half with no markings except 
a few lines behind second pair of sternal pores; mar- 
gins thickened, anterior margin notched at base of 
tritosternum; sternal and 
shown in figure 3B. Genitoventral plate large, 175 
wide and 200u long on midline from posterior mar- 
sternal plate, under which it extends an- 
teriorly; widened considerably behind coxa IV, and 
posteriorly coming to a broadly rounded point over- 
lapping anterior margin of anal plate; median, 
inverted-V-shaped striation on surface of genito- 
ventral plate containing nine polygonlike areas of 
unequal Ventral plate setae I, II, and III 
arising at margin of genitoventral plate, this margin 
slightly notched at pairs II and III, pair I apparently 
definitely attached to genitoventral plate. Meta- 
sternal plates well developed, each with a sharply 
pointed lateral projection between coxae III and IV, 
and each with a prominent metasternal seta arising 
from its surface. Parapodal plate narrow, extending 
from posterior part of coxa II back to and partially 
surrounding coxa IV, behind which it widens, then 
tapers to a point. Peritremal plate ending posteriorly 
in a rather narrow point at level of posterior margin 
of coxa IV. Anal plate triangular, 754 wide and 60u 
long, bearing the normal three setae of which the 
unpaired, posterior seta is heaviest; surface marked 
only by a broken, transverse, anterior line. Ventral 
body setae simple, long, numerous, giving the mite 
a hairy appearance; longest setae about 60 long ; two 
pairs of setae nearest to margin of genitoventral plate 
and a third pair adjacent to anal plate only about 


setae pores located as 


gin of 


size. 
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half as long as other ventral body setae. Metapodal 
plates rodlike. Tritosternum originating from in- 
tegument than width of its base in front of 
sternal plate; tritosternal base moderately long, bear- 
ing a pair of feathery lacinae. 

Legs.—All legs with well developed claws. Length 
of legs, including claw and coxa: leg I, 350u; leg 
II, 270u; leg III, 260; leg IV, 310. 

Gnathosoma rather small, with moderate palpi and 
strong, chelate chelicerae. Chelicerae as illustrated 
in figure 3C. 

The description of this species is based on two 
females (holotype and paratype) in the collection of 
the U. S. National Museum, both bearing the follow- 
ing collection data: “On Polianthus [presumably this 
should be Polianthes| bulbs; Fortin, V. C. Mexico; 
at Laredo, Texas; October 13, 1943; J. 
collector.” 


less 


B. R. Leary, 


Laelaspis piloscutuli, new species 

Known only from the female, which is separable 
from other Laelaspis females by the long ventral 
body setae, each arising from a small, diamondshaped 
plate in the integument, and by having the dorsal 
plate marked with horizontal striations which branch 
to form scalelike patterns on the lateral and 
terior margins. The striation of the genitoventral 
plate is also distinctive. Similar to L. lundi, de- 
scribed above, but readily separated by the diamond- 
shaped plates at the base of the ventral body setae. 

FEMALE.—Body rounded oval, idiosoma 410y long, 
320 wide. Middle of dorsal plate marked by distinct 
horizontal striae which branch forming a scalelike 
pattern on lateral and posterior margins ; 
slightly lanceolate, except one pair of simple sub- 
terminal setae on posterior margin of plate (fig. 4A), 
these latter only about half as long 
dorsal setae; posterior dorsal setae up 

Ventral Surface—Sternal plate measuring 95. 
and 130% in maximum length and width, respectively ; 
without sculpturing other than a few wavy, trans- 
verse lines as shown in figure 4B, but with the nor- 
mal three pairs of sternal setae and two pairs of pores. 
Genitoventral plate relatively large, 200u long from 
posterior margin of sternal plate and 185 wide at 
widest point; anterior margin finely striated (fig. 
4B), posterior margin produced on midline as a 
pointed, slightly extended tip, lateral margins slightly 
notched at location of second and third pairs of ven- 
tral plate setae which arise from adjacent integument, 
first pair of ventral plate setae attached to genito- 
ventral plate; median, inverted-V stria with several 
long, rather narrow V’s which mark off nine irregu- 
lar cells. Anal plate triangular, 70u long and 70p 
wide, with a few striae on anterior half forming 
semicirclelike lines around anal opening; 


pos- 


dorsal setae 


as adjacent 
to 70 long. 


anal plate 
with three setae, the unpaired, posterior one heaviest. 
Metasternal plates well developed, each with a single 
seta and with a sharply pointed lateral projection ex- 
tending between coxae III and IV. Parapodal plate 
roughly triangular, extending laterally and posteriorly 
to coxa IV. Peritremal plate narrow, terminating 
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Fic. 3.—Laclaspis lundi, n. sp., adult female. A, portion of dorsal plate with setae; B, 
ventral view ; C, chelicerae. 





n. sp., adult female. A, posterior margin of dorsal plate; B, 
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posteriorly in a point near posterior margin of coxa 
IV. Rodlike metapodal plates present in integument 
laterad of genitoventral plate. Two ventral body setae 
on each side, between genitoventral plate and marginal 
setae, are only one-half to two-thirds as long as the 
other setae. Tritosternum with basal portion arising 
from integument just in front of sternal plate, and 
with two terminal, feathery lacinae. 

Legs.—Apical segment of all legs with anterior 
and posterior sclerotizations along edges as shown 
in figure 4B; all tarsi with well developed, sclerotized 
Measurements of legs, including coxa and 
360; leg II, 2204; leg III, 250; leg 


claws. 
claw: leg I, 
[V, 280z. 

Chelicerae as shown in figure 4C. 

Description based on three females in the collection 
of the U. S. National Museum. The slides bear the 
following data: “On orchid plants; Fortin, V. C., 
October 23, 1947; Chapman, 


Mexico; at Laredo; 


Colo.” 

Two females of this species were collected from 
ant colonies by C. W. and M. E. Rettenmeyer, on 
Barro Colorado Island, Panama Canal Zone, in 1956 
One specimen was taken from a colony of Eciton 
burchelli, the other from Neivamyrmex gibbatus. 


Laelaspis brevipilis, new species 

Both sexes of this species may be recognized by 
the short ventral body setae, which arise from strong, 
sclerotized tubercles, and by the simple dorsal plate 
setae. The striation of the genitoventral plate is 
distinctive for the female. 

FEMALE.—Body rounded oval; idiosoma 480 long, 
3504 wide. Dorsal plate with a distinct pattern of 
scalelike striations 5A); dorsal plate setae 
simple and relatively strong. 

Ventral Surface.—Sternal plate 100u long on mid- 
line, 1404 wide between coxae II and III, bearing 
three pairs of sternal setae and two pairs of sternal 
pores (fig. 5B); anterior part with striae forming 
small, irregular polygons, posterior portion un- 
marked ; margins noticeably thickened; anterior mar- 
gin concave on each side just mediad of the sharply 
pointed, anterolaterally directed corners, and without 
a notch at base of tritosternum; lateral margins with 
a strong, pointed projection between coxae II and 
III. Genitoventral plate 2504 long from posterior 
margin of sternal plate, 1954 in greatest width; 
median inverted-V area somewhat rounded laterally 
and tending to narrow slightly posteriorly, marked 
with several narrow, deep, connecting V’s which 
mark off nine cells within the area; genital setae 
arising from surface of plate at posterior level of 
coxa IV; first ventral plate setae arising from mar- 
gin of genitoventral plate, this margin slightly 
notched at location of second and third pairs which 
arise from adjacent integument. Metasternal plates 
rather narrow, moderately projecting laterally be- 
tween coxae III and IV, each bearing a single seta. 
Parapodal plates two on each side, the smaller, an- 
terior one with a short medial projection between 
coxae II and III, the roughly triangular posterior 


( fig. 
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plate laterad of and posterior to coxa IV. Anal plate 
somewhat heart-shaped, 804 wide and 60y long on 
midline, with a number of simple striae on anterior 
part; posterior, unpaired seta heaviest of the three 
arising from plate. Metapodal plates rodlike. Peri- 
tremal plate narrow, extending from near hind mar- 
gin of coxa IV anteriorly to unite with dorsal plate 
above coxa I. Ventral body setae short, arising from 
strong, sclerotized tubercles in integument, their 
number and arrangement as shown in figure 5B. 

Legs.—Legs rather short, leg II slightly more ro- 
bust than the others; all tarsi with well-sclerotized 
claws; segments (except coxa and trochanter) of 
each leg heavily sclerotized as indicated in figure 5B. 
Measurements, including claw and coxa: leg I, 290u; 
leg II, 250u; leg III, 240u; leg IV, 270p. 

Gnathosoma rather small; chelicerae (fig. 5C) well 
sclerotized, with movable digit longer than fixed 
digit. 

Mave.—Body slightly more oval than in female; 
idiosoma 400u long, 2804 wide. Striae of dorsal 
plate (fig. 6A) forming a scalelike pattern as in the 
female. Dorsal setae simple. 

Ventral Surface —Holoventral plate 3104 long on 
midline, 1454 wide behind legs IV, with lateral pro- 
jections between coxae II and III, and III and 
IV, the former being the longer; surface with eight 
pairs of setae in addition to the three anal setae; lo- 
cation of pores and markings on plate as shown in 
figure 6B, striation of plate behind coxae IV some- 
what similar to that of female; anterior margin with 
a straight, transverse, median portion, laterad of 
which is a concave sinuosity ; lateral margins slightly 
thickened in front of coxae IV. Parapodal plates as 
in female, except that the posterior plate is semi- 
circular rather than triangular. Peritremal plate nar- 
row, extending back behind stigmata to end in a 
point near hind margin of coxa IV. Ventral body 
setae short, arising from strong, sclerotized tubercles, 
as in female. Six pairs of ventral body setae present, 
arranged as in figure 6B. 

Legs —Measurements, including claw and coxa: 
leg I, 270; leg IT, 210u; leg III, 165; leg IV, 230z. 

Gnathosoma relatively small. Chelicerae (fig. 6C) 
with a large, movable digit and a smaller, curved, 
digitlike spermatodactyl. 

Described from three females and one male, all of 
which are in the collection of the U. S. National 
Museum and carry the following data: “Stanford 
University, Calif.; Jan. 10, 1929; Fr. I. McCracken; 
on Argentine ant.” 


Gymnolaelaps austriacus (Sellnick ), 
new combination 


Laclaspis austriacus Sellnick, 1935, Zool. Jahrb., Abt. 

Syst. 66: 351. 

When describing this species, Sellnick expressed 
some doubt as to its inclusion in Laelaspis, but felt 
it was closer to that genus than to any other laelaptid 
group. Later, Willmann (1951) indicated that proba- 
bly L. austriacus should be placed in Gymnolaelaps. 





Hunter: THe Genus Laelaspis 


Laelaspis brevipilis, n. sp., 
C, chelicerae. 


Fic. 5 — 
ventral view ; 


A close study of specimens of this species, and of 
Sellnick’s illustration and detailed description, in- 
dicates that austriacus is more closely related to 


Gymnolaelaps than to Laelaspis. It shows several 
features not characteristic of other Laelaspis species, 


but common in those of Gymnolaelaps—namely, the 


adult female. A, 


> 


portion of dorsal plate and setae; B, 


presence of presternal plates; the pearlike shape of 
the genitoventral plate; and the rather fine body 
Therefore, I feel that this species fits more 
Gymnolaelaps, to which genus I am 


setae. 
logically in 
transferring it. 





ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


Fic. 6.—Laelaspis brez is 
ventral view; C, chelicerae. 


BIOLOGY 


Very little is known about the biology of Laelaspis 


mites. All but five of the species have been reported 


with ants. 
aviator were reported by 
ride freely on their ant 


as associated Laelaspis equitans and L. 
their describing authors to 
Further studies 


species reported from soil 


associates. 
on the biology of the 


adult male. A, 


portion of dorsal plate with setae; B, 


may show these mites also to be associated with ants. 
Only two species have been definitely reported as 
secedens was taken 
taken 
voles in Russia. The latter was originally described 


associated with other animals: L. 


from a beetle, and L. ovatus has been from 


from soil sievings. 
The exact food of Laelaspis mites has never been 
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determined. André (1939) stated that, according to 
Vitzthum, Laelaspis ovisugus (which is associated 
with ants) is not a predator on the ants, but re- 
ceives nourishment from the secretions of the ants 
around their egg masses. 

The author has maintained a culture of L. 
thumi (Womersley) for the past year, using house 
flies as food. Both freshly killed flies and flies that 
were frozen immediately after killing served equally 
well. The mites appear to feed on the liquid material 
of the soft or decomposing tissues of the flies. Live 
flies, whether healthy or injured, were not attacked 
by the mites when placed in the culture dish. De- 
tailed biological studies of this species will be pub- 
lished at a later date. 

The records at present show four 
Laelaspis to occur in North America. Data on slides 
in the U. S. National Museum collection show that 
L. vitsthumi has been taken from soil in Georgia, 
Illinois, and Kentucky; on cotton in Mississippi; 
with ants in Texas; and it is also recorded, without 
habitat data, from Indiana. L. brevipilis is here re- 
ported from California, on Argentine ants. The two 
remaining species were intercepted on plants im- 
ported from Veracruz, Mexico, L. lundi on Polianthes 
bulbs and L. piloscutuli on orchids. 


vits- 


species of 
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ABSTRACT 


The larva and pupa of E. miserabilis are described and 
illustrated. Morphological comparisons of the larva of 
this species with those of Anthophora, the Eucerinae, and 
the Emphorinae indicate that E. miserabilis represents a 
phyletic condition intermediate between that of the 


The subfamily Anthophorinae’® includes two Ameri- 
can genera, Emphoropsis and Anthophora. Michener 
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2The family 
all of the nonparasitic 
parasitic Melectini and 


understood here, includes 
Anthophorinae plus the 
proposed in Michener 


Anthophoridae, as 
tribes of the 
Ericrocini (as 


Eucerinae and Anthophora. The pupa of Emphoropsis 
exhibits some characteristics found only among the more 
primitive bee genera. This supports the conclusion 
reached through comparative larval morphology, that 
Emphoropsis is more primitive than Anthophora. 


(1953, 1954) tentatively established larval subfamily 
characteristics for this taxon on the basis of the 
abundant information available on the 
Anthophora. This is the first morphological study 


larvae of 


1944). The authors are in accord with Linsley et al. (1956) in 
considering that Anthophoridae warrants family status, and that 
the tribes of Michener merit subfamily rank 
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on the larvae and pupae of any species of Emphorop- 
sis, and the findings are of particular interest in 
evaluating the larval and pupal characters considered 
by Michener to be of phylogenetic significance. 

The material was obtained from an active nesting 
site of E. miserabilis located at Island Forest Camp, 
Sand Lake, Tillamook County, Oregon. All stages of 
the species have been deposited in the collections of 
Oregon State College. 

DESCRIPTION OF LARVA 

Predefecating Larva.—Larva C-shaped, broadest 
mesially. Intersegmenta! lines distinct, segments 1 
through 5 divided into cephalic and caudal annulets, 
remaining segments entire. Dorsolateral tubercles 
absent (fig. 1). 

Head capsule rounded, heavily 
slightly inflexed along posterior margin. 


sclerotized and 
Epicranial 


suture (cleavage lines) lacking paired arms termi- 


Antennal papillae elongate, arising on large 
basal convexities. Parietal bands feeble. Epistomal 
suture arched between anterior mandibular articula- 
tions. Labroclypeal suture a mere fold, angulate up- 
ward medially. Labrum with apex uniformly concave, 
tuberculate at lateroapical margins. Labial palpi 
minute, as long as broad, located on apical margin of 
labium; salivary opening a transverse slit, shorter 
than distance between labial palpi, provided with 
small nonsclerotized lips, located above apex of labial 
lobe (fig. 2 and 3); inner walls of salivarium 
sclerotized for 1 mm. from opening. Mandibles ro- 
bust, sclerotized, each with two distinct teeth apically ; 
inner apical surface concave, without carina limiting 
conavity basally; inner apical portion of concavity 
with tuft of pile, two strong but short hairs on ventral 
margin; adductor apodeme longer than mandible, 
abductor apodeme shorter than mandible (fig. 4a, b, 
c). Maxillae fleshy, with no separation of cardines 
and stipites; maxillary palpi weak, twice as broad as 
long, located well behind apex of maxillae (fig. 3). 

Three thoracic and ten abdominal postcephalic 
segments. Thoracic segments 2 and 3, abdominal 
segments 1 through 9 each with a collar of spicules 
on caudal portions of tergites. Last abdominal seg- 
ment with anal opening as an arcuate slit situated 
slightly dorsad of segment apex. Ten pairs of dorso- 
lateral spiracles borne proximally on thoracic seg- 
ments 2 and 3, and abdominal segments 1 through 8 
(fig. 1). Spiracles elevated, approximately one-half 
of atrial wall protruding beyond body surface; walls 
of atrium flared apically, forming a rim; atrium lined 
with four distinct rows of spines, three rows arising 
from ridges, fourth row under rim arising from 
atrial wall; peritrerne present; primary tracheal open- 
ing covered with ‘flattened, serrated, collar spines; 
subatrium with smooth walls, not narrowing into 
trachea; tracheal wall smooth, narrowed ectally, an- 
nulated and expanded mesially, narrowed and smooth 
entally (fig. 5a, b). 

Postdefecating Larva.—Head capsule and spiracles 
as in predefecating larva; postcephalic segments 1 
through 11 divided into cephalic and caudal annulets ; 


nally. 
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all body segments more strongly wrinkled dorsally 
(fig. 7). 


COMPARISON WITH OTHER ANTHOPHORID LARVAE 


Michener (1953) concluded that “larval charac- 
ters are merely more characters, of no more system- 
atic value and of no less, than adult characters.” 
Nevertheless, from the number of morphological 
features on the larvae, several appear to support the 
phyletic lines of descent that have been based on 
adult morphology in the Anthophoridae. While a 
definitive work on the contributions of larval mor- 
phology to phylogeny in this family is still premature, 
the acquisition of Emphoropsis larvae permits us to 
re-evaluate characters accorded tribal significance by 
earlier authors (Michener 1953; Linsley et al. 1956). 

The larvae of E. miserabilis display a number of 
characteristics in common with the other known 
genera of the family, ie, a distinct labium and 
maxilla, the salivary opening as a transverse slit, 
mandibles each with a definite inner cavity, spiracles 
with peritremes, the prementum and _ postmentum 
separate, and a parietal band present. 

The larvae of E. miserabilis can be distinguished 
from those of all other anthophorids by the absence 
of the carina from the base of the inner mandibular 
concavity, and the smooth subatrial walls. In addi- 
tion, it appears that the exceptionally long adductor 
apodeme of the mandible is a feature peculiar to this 
genus. Unfortunately, the published illustrations of 
the mandibles of most other anthophorid genera are 
usually incomplete and both often 
omitted. Examination of the larvae of several species 
of Anthophora indicates that the adductor and the 
abductor apodemes are subequal in length, or the 
adductor is slightly longer than the abductor. In 
Emphoropsis the adductor apodeme is at least twice 
as long as the abductor apodeme. This characteristic 
appears to represent a specialization in Emphoropsis 
that is found in no other known genus of the 
Anthophoridae. 

EMPHOROPSIS AND ANTHOPHORA LarvAE.—In addi- 
tion to the characteristics mentioned above, the larvae 
of these two genera share the following characteris- 
tics : the salivary slit is short, less than the distance be- 
tween the two labial palpi; the salivary opening lies 
above the apex of the labial lobe; the salivary open- 
ing has very small, nonprotruding, nonsclerotized 
lips; the maxillary palpi are broader than long; and 
the labial palpi are as broad as, or broader than, long. 

These two genera can readily be distinguished by 
the following characters which are exclusive to 
Emphoropsis: a collar of setae on the postcephalic 
segments; distinct antennal papillae; mandibles _bi- 
dentate; the absence of terminal arms to the cleavage 
lines; the absence of the mandibular carina at the 
base of the mandibular concavity; as well as several 
other characters that are mentioned below. 

EMPHOROPSIS AND EUCERINAE.—The following two 
characters are common to Emphoropsis and the 
eucerines: the mandibles have two large apical teeth; 
and the inner concavities of the mandibles have 


apodemes are 
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Fic. 1—Predefecating larva of Emphoropsis miserabilis. Fic. 2—Head capsule, frontal view. Fic. 3—Head 
capsule, lateral view, with tentorium and mandibular apodeme indicated by broken lines. Fic. 4.—a, Left mandible, 
frontal view; b, Right mandible, frontal view; c, Left mandible, inner view. Fic. 5.—a, Subatrium; b, Spiracle and 
atrium. Fic. 6.—Pupa. Fic. 7—Postdefecating larva. 
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dense pile tufts. Of these two characters the presence 
of bidentate mandibles is of particular significance, 
as Michener (1953) considered this to be one of 
the most distinctive characteristics among bee larvae. 
It is also significant that the length of the labial palpi 
of Emphoropsis lies midway between that of the 
eucerines and Anthophora. In the eucerines, the palpi 
are approximately twice as long as broad, in Em- 
phoropsis they are about as broad as long, while in 
Anthophora the palpi are considerably broader than 
The length of the antennal papillae of Em- 
phoropsis, likewise, is intermediate between that of 
the eucerines and Anthophora. In the eucerines the 
papillae are acutely pointed and slightly longer than 
broad; in Emphoropsis the papillae are approximately 
and in Anthophora the papillae are 


long. 


as long as broad; 
absent. 

EMPHOROPSIS AND THE EMPHORINAE.—Emphorop- 
sis, as represented by E. miserabilis, and most of the 
Emphorinae have a distinct collar of spicules on the 
postcephalic segments. In addition, the anal aperture 
of both groups is located dorsad of the apex of the 
last segment, while it is situated apically in the other 
\nthophoridae. These characters are unique to these 
two taxa of the Anthophoridae, and both are assumed 
to be associated with the spread of fecal material 
over the interior of the cell. 

The retention of the segmental spicules and the 
slightly dorsal position of the anal aperture in Em- 
phoropsis may indicate: (1) that Emphoropsis and 
the Emphorinae are recently derived from a common 
primitive ancestral type, or (2) that the features 
arose independently in each of two distantly related 
In view of the dissimilarity in most of the other 
larval characters accorded generic status, the latter 
hypothesis appears to be most plausible. 


lines. 


DISCUSSION 

The larvae of Emphoropsis miserabilis resemble 
those of Anthophora more closely than any other 
genus with which they have been compared. This 
is to be expected, since the adults are very similar 
in morphology. However, certain characters accorded 
considerable phyletic significance by Michener 
(1953) are shared by the Eucerinae and Emphorop- 
sis. Most noteworthy are the bidentate mandibles 
of the larvae and the tufts of pile on the margins of 
the inner mandibular concavity. In addition, as 
mentioned above, the dimensions of the labial palpi 
and the antennal papillae of Emphoropsis lie inter- 
mediate between the conditions represented in the 
Emphorinae and Eucerinae and that of Anthophora. 

Michener (1953) listed 11 characters which he 
feels indicate major trends in the evolution of bee 
larvae. Emphoropsis larvae exhibit the following 
characteristics considered by him to represent the 
primitive condition: setae (spicules) present on body ; 
antennal papillae long (versus absent in the spe- 
cialized forms); salivary opening a large slit with 
lips (the lips markedly reduced in both Emphoropsis 
and Anthophora); maxilla and labium distinct; 
prementum and postmentum clearly separated; man- 
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dibles broadened apically with large apical teeth; 
peritreme present. All eight primitive characteris- 
tics are found in the eucerine-emphorine group, while 
only five are present in Anthophora. 

It is evident from these comparisons that the larvae 
of E. miserabilis represent a phyletic condition inter- 
mediate between that of the Eucerinae and Antho- 


phora. 


DESCRIPTION OF THE PUPA 


The pupae of bees generally exhibit the shape and 
characteristics found in the adult. There are, how- 
ever, a number of cuticular spines and projections 
on the body of the pupa that are peculiar to that stage. 
Their function in the pupa is not understood, but 
Michener (1954) has suggested “that the pupal spines 
provide a potentiality for the development of adult 
Although the comparative data on 
pupae are meager, the following characteristics ap- 
pear to be of generic significance to Emphoropsis: 


spines.” bee 


Posterior lobes of pronotum produced to spines; 
mesoscutum with a pair of tubercles behind the 
midline; scutellum with a pair of anteriorly di- 
rected tubercles, twice the length of mesoscutal 
tubercles; tegulae with protuberances ; 
each with a long spine, middle and hind coxae 
with inferior projections; trochanters with spines: 
first pair of femora with long spines at their 
middle and hind femora lacking spines; 
metasomal terga 1 to 7 each with a subapical col- 
lar of spicules, spicule size progressively increas- 
ing caudally, largest on tergum 5 (fig. 6). 


fore coxae 


bases, 


On the basis of the limited information available 
on the pupae of Anthophora, these two genera share 
the following common characteristics in this stage: 
posterior lobes of pronotum produced to spines; 
mesoscutum and scutellum each with paired tubercles, 
those of mesoscutum behind midline; apical spines 
on coxae; bases of femora with long spines; and 
subapical spicules on at least some of the metasomal 
terga. 

The pupae of Emphoropsis may be distinguished 
from those of Anthophora by the following combina- 
tion of characteristics: Emphoropsis—tegulae with 
protuberances; scutellar tubercles twice as long as 
mesoscutal tubercles; fore coxae with extended 
spines, spines of middle and hind coxae slightly pro- 
tuberant and equal in size; several rows of spicules 
on tergum 1. Anthophora—tegulae lacking pro- 
tuberances ; mesoscutum and scutellum with tubercles 
of equal length; coxal spines all equal in length; 
spicules absent on metasomal tergum 1. 


DISCUSSION 


Emphoropsis is typical of all other known antho- 


phorids in mesoscutal tubercles. The 
pupae of Emphoropsis exhibit some characteristics 
found only among the more primitive bee genera 
i.e., the scutellum with very long tubercles; the fore 
coxae with unusually long spines; the middle femora 
lacking spines; and the presence of spicules on the 


possessing 
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first metasomal tergum. These characteristics, not 
exhibited by Anthophora pupae, would support the 
conclusion reached by comparative larval morphology 
that, of the two genera, Emphoropsis is the more 
primitive. 
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ABSTRACT 


Details on the area of endemism, burrows, cells, and 
provisions, as well as comments of the larval and pupal 
development and adult activity are presented. Com- 
parison of the ethological characteristics of Emphoropsis 
with other subfamilies of the Anthophoridae breaks down 
the biologically based subfamily distinctions proposed by 
previous authors. Comments are made to account for the 


This paper is a report on the ethology of Em- 
phoropsis miserabilis (Cresson), and supplements a 
previous paper describing the immature stages of 
this species (Torchio and Stephen 1961). Observa- 
tions on the biology of many American anthophorids 
have been reported during the past years, but this 
study represents the first account of a species of 
Emphoropsis. The information fills a gap in the 
knowledge of the family, biologically one of the better 
known groups of bees. 

The excellent papers on the ethology of the sub; 
families of the Anthophoridae by Linsley et al. 
(1955, 1956) concluded with a synthesis of biological 
characteristics by which each subfamily could be 
recognized. A subsequent report by Michener and 
Lange (1958), incorporating additional biological 
data on this group, necessitated a revision of the 
significant features proposed by the earlier authors. 
The data on Emphoropsis, reported below, suggests 
that a re-evaluation of the ethological characteristics 
is necessary to determine whether they merit phylo- 
genetic significance accorded them by these authors. 

The writers are hesitant in proposing E. miserabilis 
as a typical member of Emphoropsts as it is the only 
species of the genus known to be restricted to the 
sand dune area of the Pacific Coast. All other known 
species of the genus are reported to nest in soils 
typical of those frequented by Anthophora. E. 
miserabilis appears to represent a highly specialized 
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repetition of ethological characteristics that is found 
among distantly related forms of a single phyletic unit, 
through fluctuations in stress on genetically influenced 
behavior patterns of the adult and larva. The value of 
biologically based phylogenies is questioned, unless the 
gaps between the taxa to be compared are of considerable 
magnitude. 


form of the genus, isolated frdm its congeneric rela- 
tives throughout most of its range. However, until 
data are accumulated on other species of the genus, 
we are obligated to consider this species representa- 
tive of Emphoropsis for purposes of comparative 
ethology. 

Observations reported herein were made at Island 
Forest Camp, Sand Lake, Tillamook County, Oregon, 
during 1960. 


NESTING SITE 


Sand Lake is an extensive dune mass, formed as 
a single enormous parabola (4.5 km. long, and 1 to 
1.5 km. wide), located immediately north of the nest- 
ing site. The main body of this dune is stabilized and 
densely forested while its outer margins are desig- 
nated by eroded ridges. Island Park Forest Camp 
borders Sand Lake to the south. It appears to have 
originated as a salient from the margin of the main 
complex. The salient has since ceased its migratory 
activity and now stands as a semistabilized dune sur- 
rounded by two tidal channels (Cooper 1958). 

The nesting site is situated on the southwest cor- 
ner of the island bordered on the west, north, and 
northeast by a stabilized dune-ridge supporting a 
climax canopy of Picea sitchensis (Bond.) Carr., 
Pinus contorta Dougl., Arctostaphylos columbiana 
Piper, and A, uva-ursi (L.) Spreng. The center of 
an active barchan borders the western stabilized dune- 
ridge and reaches eastward for a half mile to the 
ocean front. Camp sites and a tidal channel are 
located to the east of the nesting site while Am- 
mophila arenaria (L.) forms hillocks and foredunes 
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on the southern edges. A terminal arm of the 
barchan extends for a width of 25 yards from the 
windward (southern) side of the hillocks and fore- 
dunes to one of the tidal channels. 

Nesting is restricted to an area of approximately 
150 by 300 feet on the southwest corner of the mile- 
square island. The present niche is believed to have 
been formed as a result of a trough blow-out from 
the stabilized dune supporting climactic flora. This 
conclusion is based upon the presence of one dead 
Picea sitchensis and two mature Pinus contorta per- 
sisting on the site area. The migration of a 25-yard- 
wide strip of dmmophila arenaria across the southern 
border of the site appears to have limited the size 
and the depth of the trough. This species provides an 
adequate building agent for the development of fore- 
dune ridges which has stabilized the dune of the 
nesting site against the forces of the winter winds, 
and in turn, permitted the successful inhabitation of 
the dune area by Emphoropsis miserabilis. In addi- 
tion, the dune ridges to the west, north, and north- 
east, supporting their climax canopies, provide the 
necessary protection for further stabilization against 
the forces of the summer winds. However, the nest- 
ing site must be considered a semistabilized niche be- 
cause both southern and western barriers to the sea- 
sonal winds are not yet sufficiently well developed to 
prevent sand precipitation over the nesting site. 

The surface of the nesting site is sparingly covered 
by three deciduous plant species. Convolvulus sol- 
danella L. is most abundant and is found over the 
entire nesting area. It is considered to be a stolo- 
niferous surface binding species. Abronia latifolia 
Eschsch. is scattered over the nesting site and in the 
adjacent dunal areas. This species is a weak hillock 
builder, but is not sufficiently dense to form mounds 
of a size necessary for foredune ridge formations. On 
the borders of the site, and in small clusters over the 
nesting area, is the composite (7?) Senecio bolanderi 
Gray, which blooms after the activity of E. misera- 
bilis has ceased. 

The surface of the nesting site is composed of ap- 
proximately 4 inches of fine, loose, dry sand during 
the spring and early summer, that period during 
which Emphoropsis adults are active. During mid- 
summer and early fall, the dry winds and reduced 
precipitation result in a deepening of this surface 
flocculum to a maximum of approximately 7% inches. 
Below the loose surface, this sand is moist and com- 
pact. The surface of the nesting site is constantly 
subjected to movement by aeolian currents and animal 
migration across it. 


BURROWS 


Because of the constant sand precipitation and the 
susceptibility of the burrows to collapse or burial, the 
entrances to the burrows of Emphoropsis are often 
obscured. The bees have partially overcome this 
hazard by beginning their excavations on the lee- 
ward edges of leaves, twigs, or any other object 
offering some surface protection. The most successful 
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method of locating Emphoropsis burrows has been 
to trace returning females to the nest entrance. 

The bee begins the excavation by grasping a load 
of sand between her mandibles. With the head bent 
downward, she extends the front two pairs of legs 
to enlarge the “bucket” formed by the mandibles and 
the underside of the head. She drags the body with 
its load of sand backwards from the burrow entrance 
for approximately 6 inches by an oar-type movement 
of the hind legs, whereupon she releases the load and 
returns to repeat the excavation procedure. If the 
habitat were undisturbed, an acentric tumulus would 
be formed, but the movement of the sand by aeolian 
currents prevents any recognizable tumulus forma- 
tion. Periodically, the bee ceases excavation and be- 
gins compacting the burrow wall by undulating move- 
ments of the scopa as she rotates her body in a clock- 
wise direction. These movements compact the sand 
layer of the smooth, unlined burrow wall and protect 
it against collapse. The activities apparently con- 
tinue throughout the construction of the burrow, for 
it is of uniform diameter and unlined throughout its 
length. 

The majority of burrows begin at an angle of 15° 
from the surface and extend in this direction for about 
5 to 6 inches. They descend vertically for about an 
inch before continuing at the 15° angle for another 
5 to 6 inches. They then veer sharply downward 
for another inch before continuing at the 15° angle 
of descent for distances varying from 11 to 20 inches. 
Each of the burrows terminates in a single verticle 
cell located from 8 to 11 inches below the soil sur- 
face (fig. 1). 

Seven of the eight burrows that were exhumed 
were typically three-stepped as indicated above. One 
burrow, extended laterally from the burrow opening 
at a 15° angle for about 5% inches, then turned 
downward for 634 inches. From this point it turned 
sharply and followed an arched descent for 13 inches, 


Fic. 1—a, Typical burrow of Emphoropsis miserabilis 
terminating in a single cell. b, An atypical burrow of 
E. miserabilis terminating in a single cell immediately 
below the entrance. 
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terminating in a single cell 18 inches below the sand 
surface, immediately beneath the burrow entrance. 

The burrows, with entrances all located on the 
leeward edges of protective objects or sand mounds, 
travel in a general windward direction for distances 
from 20 to 30 inches. All of the burrows are simpie 
tubes, lacking lateral tunnels, each *16 of an inch 
in diameter throughout its length. The entrance to 
the burrow is somewhat flattened, measuring ap- 
proximately 34 inch in width and ¥% inch in height. 
The burrows are apparently left open upon comple- 
tion, but sand precipitation and surface shift soon 
cover the holes. 


CELLS 


A single cell is found at the end of each burrow. 
The cells, unlike those of Anthophora, are cylindrical 
rather than urn-shaped. The cell wall is very fragile 
and is formed of a matrix of sand granules embedded 
in a whitish, waxy material. This waxy lining has a 
melting point of 76° F.,,and is impervious to water 
passage. The thickness of the cell wall is approxi- 
mately 0.35 mm. The cell cap is composed of a 
mixture of sand granules embedded in the same waxy 
secretion, but its average thickness is considerably 
greater than that of the cell wall (0.55 mm.). The 


cell cap possesses a micropyle and appears to have 
the sand granules embedded in concentric rings. It 
is assumed that the adult constructs the cap by circ- 
ling the cell opening as she secretes a salivary fluid 


in which sand is embedded. A two- to five-layered 
matrix of waxy secretion and sand granules is added 
to the outer surface of the micropyle to effect com- 
plete closure (fig. 2). 

Thirty-two of the 44 cells recovered during the 
season suffered extensive damage at the time of 
exhumation. Of the remaining 12 cells, four meas- 
ured 15 x 9 mm. and eight measured 18 x 11 mm. 
The difference in cell size is considered to be in- 
dependent of the size difference normally found 
between the two sexes of this species. 

Provisions.—Cells in various 
tion were exhumed during the summer of 1960. The 
bottom two-fifths to one-half of the cell is filled with 
a pasty pollen mass, which is covered by a very 
thin layer of liquid believed to be concentrated nectar. 
Both the pollen mass and the surface liquid were 
subject to very rapid desiccation upon exposure to 
the atmosphere. The characteristic fermenting odor 
typical of the pollen masses of Anthophora is given 
off by the provisions of Emphoropsis. Most of the 
pollen masses were composed of pollen taken from 
more than a single source. The colors of the masses 
varied from a light yellow to a bright orange. Micro- 
scopic analysis of the pollen from several of the pollen 
masses indicated that three of the endemic plant 
species were used as hosts, i.e., Lupinus sp., Con- 
volvulus soldanella, and Abronia latifolia. The bee 
is apparently polylectic on these three plant species 
growing on or in close proximity to the nesting site. 

An elongate, weakly curved egg, 1 x 3% mm., is 
floated on the liquid layer in the center of the pollen 


stages of construc- 
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Fic. 2.—Section through a cell of Emphoropsis misera- 
bilis from which the pollen ball and developing larva 
had been removed. 


mass. The egg is cylindrical, translucent white with 
the surface of the chorion bearing no reticulations. 


LARVAL DEVELOPMENT 


The larvae and prepupae returned to the laboratory 
were maintained in artificial cells formed out of paraf- 
fin, at a constant temperature of 62° F. with a rela- 
tive humidity at 50%. Readings taken at the nesting 
site indicated that the temperature at the 10-inch 
level 60° F. while that at the 36-inch level 
was 59° F. The relative humidity of the wet sand at 
the lower level was undoubtedly higher than the 50% 
maintained in the laboratory, but problems with fun- 
gal and bacterial contamination at the higher hu- 
midity in the laboratory necessitated maintenance at 
this lower humidity level. Transfer of the larvae 
from the site to the laboratory proved fatal to all the 
early instars. Thus, the early activity of the larvae 
must be deduced from observations made on the 
position and habits of the later instars. 

By the time the larva reached its fourth instar, 
the pollen mass was reduced to a spherical ball which 
lay in the curved body of the larva. It is assumed 
that the young larva consumed the pollen 
located at the cell wall, and gradually reduced the 
pollen mass to a ball that it was capable of surround- 
ing. The larva remained inactive for a period of 


was 


stores 
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from 2 to 4 days following the consumption of the 
pollen mass, and following this period of inactivity, 
the fecal material was excreted as a long, cylindrical, 
dark gray mass. The frass remained pasty for about 
a day, during which time it was smeared over the 
cell walls by movements of the larva. The uniform 
distribution of the fecal material appeared to be 
enhanced by the presence of postcephalic spicules 
on the terga. 

A second period of inactivity followed during 
which the larvae transformed into the prepupae. In 
the laboratory this occurred from June 21 to June 
25. They remained as prepupae until August 2, 
when the first of the 12 specimens pupated. During 
the following week, the 11 remaining prepupae began 
to metamorphose, but only one developed into a 
viable pupa. It is suspected that bacterial contamina- 
tion in the rearing chamber was responsible for the 
high mortality. 

A trip to Sand Lake on August 16 confirmed the 
laboratory observations, for after prolonged digging, 
a single, darkened pupa was collected. 

Pupa: The two laboratory pupae were completely 
melanic by the first week in September. One of the 
pupae died during the third week of September but 
the other transformed into an adult shortly after 
the first of October. This indicates that the pupal 
stage lasts for approximately 2 months. 

The final visit to the site was made on October 
19, at which time four cells were exhumed, all con- 
taining hibernating adults. 

ADULT ACTIVITY 

Adults were first observed on May 11, 1960, at 
which time both males and females of FE. miserabilis 
were noted at the flowers of Arctostaphylos colum- 
biana. Unlike E. cineraria Smith (Linsley 1943), 
the bees were taking only nectar from this plant in 
competition with Bombus californicus californicus 
F. Sm. and B. vosnesenskii Rad. A heavy rain and 
dark day had no apparent effect on the flight ac- 
tivities or nectar collection of these three bee species. 

The absence of pollen on the scopae, the fresh con- 
dition of the bees, and the searching tendencies of 
the females indicate that the latter had_ recently 
emerged and were just beginning their nesting. A 
reconnaissance of the area revealed a number of 
females flying over the dune very close to the sur- 
face, probably in search of a suitable site in which to 
One female was found be- 
ginning a nesting burrow in a small dune ridge 
immediately to the southeast of the Arctostaphylos 


begin nest construction. 


canopy. 

A second trip was made to the site on June 9, at 
which time there was no evidence of males, either at 
the nesting site or on any of the floral sources from 
which the females were taking pollen or nectar. This 
would tend to indicate that emergence occurred well 
before the time that the first observations were made. 
First emergence probably begins during the latter 
part of April and continues to about the middle of 
May. The absence of patrolling males over the nest- 
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ing site and the presence of both sexes at Arctosta- 
phylos shortly after emergence lead us to speculate 
that mating occurs at the nectar source. E. misera- 
bilis had apparently left Arctostaphylos by June 9 
even though this plant remained in bloom until July. 
Females of miserabilis were noted taking pollen and 
nectar from nearby Convolvulus, Lupinus, and 
Abronia, which had come into bloom since the time 
of our first visit. 

Females were readily captured as they searched 
for the exit-entrance holes to the nests, but were 
more cautious and aware of movement at the time of 
nest departure. This is contrary to the observations 
made by H. B. Parks (Cockerell 1934) who re- 
ported that EF. birkmanni Cockerell “recognize their 
own nests from a distance because, when they come 
in or leave, it is extremely hard to capture them. 
Those leaving can be captured by placing the net 
over the tunnels but holding the net the other way 
to catch of the incoming bees.” It was 


fails any 


apparent from our observations that the bees locate 
the nest entrances by orienting on an erect plant, 
twig, or other obvious object within several yards 


of the nest. The females circle the nest once upon 
emergence, fly directly to the object on which orien- 
tation is based, circle it once or twice, and then 
travel directly towards their floral hosts. The pro- 
cedure is when the pollen-laden females 
return to the nesting site. Invariably the female had 
difficulty in locating the nest entrance immediately, 
and would search for a few seconds to a few minutes 
before disappearing into the entrance of the burrow. 

A number of nest entrances were purposely buried. 
A pollen-laden female would return to the proximity 
of the entrance and begin a diligent search, even 
though we remained no more than a foot away from 
the area of the bee activity. The female searched for 
varying periods of time, then would land and begin 
digging rapidly at or near the buried entrance, only 
to abandon this digging after a short period and re- 
turn to flight. At times the female would return to 
the object on which orientation was based before 
proceeding with efforts to locate the collapsed en- 
The frantic searching 


reversed 


trance of its nesting burrow. 
activity would continue for about 10 minutes, and 
then suddenly be terminated by a swift, erratic flight 
over the dune area. The same pollen-laden female 
usually returned to the area of its buried burrow 
within half an hour, and the searching activities 
would begin again. At no time were laden females 
observed beginning new burrow construction at the 
site of the disturbed burrow. 

Nesting females began their flight at sunrise and 
terminated it at sundown. Neither rain, overcast, 
nor wind affected their nest provisioning activities. 
The earliest returning pollen-laden female was noted 
at 9:30 a.m., and pollen collecting continued through- 
out the day with the last pollen-laden females noted 
at 4:30 p.m. They continued making short flights 
after 4:30 p.m., but were never noted with pollen. 
The females remained in their burrows during the 
night but failed to close the exit-entrance holes. 
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Observations on their pollen-collecting activities 
showed that pollen was most readily available from 
Convolvulus, more difficult to obtain from Abronia, 
and extracted only with great difficulty from Lupinus. 
All three species were available at or near the nesting 
site and many females were noted to have the scopae 
filled with pollen from more than one of these 


floral sources. 

Unfortunately, we were unable to determine the 
time involved in the excavation of each burrow, nor 
was it possible to estimate the time necessary for cell 


provisioning. 

Once the cell had been provisioned and capped, 
the burrow was left open and the female apparently 
began the construction of a second, and perhaps 
a third or even a fourth burrow. Plaster casts were 
made of several burrows containing capped cells in 
which the larvae had reached the third or fourth 
instar. Because of the friability of the surface of 
the nesting site, it was assumed that many of the 
exit-entrance accesses to the burrow would be lost 
during the period in which the cell was being pro- 
visioned. However, the absence of partially pro- 
visioned cells during the process of excavation in- 
dicates that this feature does not impose severe 
limitations on the activity of the species. 

There was a marked decrease in the number of 
actively nesting females by June 21, and by the end 
of the month, nesting activity had ceased. The species 
flies for about 9 weeks, with nesting activity re- 
stricted to the last 7 weeks of the flight period. 

The species appears to be semigregarious, for the 
entrances to several burrows are usually found in 
close proximity. Careful excavation of many square 
yards of the dune area in which the nesting occurred 
supports this contention, for groups of 3 to 10 cells 
would be located in a square yard area, while the 
intervening sand contained very few solitary burrows 
This corresponds to the semigregarious 
cinerarea as reported by Linsley (1943). 


or cells. 
habits of E. 
DISCUSSION 

The habits recorded for E. miserabilis may not be 
representative of the genus as a whole, since this 
species is restricted to a habitat which is unique to 
the genus. Nevertheless, the ethological comparison 
with Anthophora, which this bee resembles closely 
in adult morphology, and the related subfamilies 
Eucerinae and Emphorinae, is warranted since there 
is some conflict with the subfamily characteristics as 
outlined by Linsley et al. (1955, 1956) and Michener 
and Lange (1958). It is particularly evident that, 
in spite of close morphological similarity between 
Anthophora and Emphoropsis, there is a marked 
biological dissimilarity between these two genera. 
For the purposes of this discussion, much of the de- 
tailed information on the biology of Anthophora and 
the subfamilies Emphorinae and Eucerinae is drawn 
from the three papers referred to immediately above. 

Turrets: Distinct turrets are common to all species 
of the Emphorinae as well as to many species of 
Anthophora. All of the American forms of the sub- 
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family Eucerinae lack turrets as do the species of 
Emphoropsis. 

Burrows: The burrows of Anthophora, the Euceri- 
nae, and the Emphorinae are all vertical or nearly 
so, while those of FE. miserabilis slope at a very 
gentle angle for 20 to 26 inches before terminating 
in a cell. Like the majority of Anthophora that nest 
in vertical clay banks, E. miserabilis begins tunnel 
construction on a near horizontal plane. Unlike 
Anthophora, E. miserabilis does not plug the burrow 
upon its completion. 

Cetts: The cells of Emphoropsis, like those of the 
Eucerinae, are arranged singly. Michener and Lange 
(1958) noted that Anthophora paranaensis Holm- 
berg constructs one to three cells per burrow and that 
in no burrows were there over two cells in a series. 
Michener (1947) and Rau (1930) both reported 
that Emphor bombiformis usually constructs a single 
cell per nest. This specialization in several different 
lines indicates that the single cell per burrow of 
E. miserabilis may have evolved independently. The 
shape of the cell in Emphoropsis is uniformly cylin- 
drical, resembling that of the Eucerinae more closely 
than either the urn-shaped cell of Anthophora or the 
oval cell of the Emphorinae. The interior of the cells 
of the species of all three subfamilies is lined with 
a waxy, waterproof material. However, only Antho- 
phora and Emphoropsis have this waxy material 
spread over the interior of the cell cap. Unlike 
Anthophora, however (but resembling both the 
Eucerinae and the Emphorinae), the wax lining in 
the cells of Emphoropsis is very thin and cannot be 
separated from the interior of the cell. The cell also 
resembles that of the Eucerinae in that it is not 
separable from the matrix in which it lies. 

Provisions: The cells of Emphoropsis, Anthophora, 
and the Eucerines are filled nearly halffull with 
a pasty pollen mass, and all have the pollen covered 
with varying amounts of nectar. This surface fluid, 
presumably composed of nectar, forms a very thin 
layer on the top of the pollen mass in both Em- 
phoropsis and the Eucerinae. The provisions of 
Emphoropsis are characteristic of those of Antho- 
phora in their strong fermenting odor. 

FecaL MATERIAL Disposition: The mature larvae 
of Anthophora deposit their semiliquid material at the 
bottom of the cell; those of the Eucerinae (with the 
exception of the European Eucera) deposit theirs at 
the top of the cell; those of Emphorinae and Em- 
phoropsis deposit theirs in the bottom of the cell. 
In the latter groups, it is subsequently smeared over 
the interior of the cells, resulting in a cell-wall layer 
of fecal material considerably thinner than the resi- 
due at the base of the cell. 

OVERWINTERING: The Emphorinae and the Euceri- 
nae both construct conspicuous cocoons containing 
overwintering prepupae. The absent in 
Anthophora and Emphoropsis, and the former spend 
the winter in the prepupal stage. Emphoropsis 
pupates during the late summer and transforms into 
the adult during the early fall. The mature adults 
pass the winter in hibernation in the cell. This habit 


cocoon is 
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is unique among the Anthophoridae, except that 
Cros (1939) has recorded the European Eucera 
notaia Lep. passing the winter as adults in hiberna- 
tion. 

ApuLt Hasits: The various species of Anthophora 
are highly gregarious, while the adults of the Euceri- 
nae are solitary in their nesting habits. Emphoropsts 
(miserabilis and cinerarea) and the Emphorinae dis- 
play nesting habits intermediate between these two 
extremes. Both of these latter groups are considered 
to be semigregarious, for many of their burrows 
are solitary. 

A brief report on the habits of E. depressa (Fow- 
ler) suggests that this species may be highly gre- 
garious. Fowler (1899) stated that they were 

. grouped together in quite large numbers 

A large number of bees had taken possession of an 
old squirrel hole, from the inside of which, at a 
depth of about a foot, their burrows were found ex- 
tending off in all directions while the outside burrow 
extended nearly straight downward.” As depressa 
is reported to nest in “hard earth,” possibly the gre- 
gariousness is only a secondary manifestation of a 
suitable soil condition. 

Females of <Anthophora and Emphoropsis are 
polylectic, taking their provisions from a variety of 
floral and 
Emphorinae are oligolectic in their pollen collecting 
habits. 

The 


sources. All the species of Eucerinae 


foregoing account on the ethology of E. 


miserabilis breaks down the biologically based sub- 
family distinctions between the Anthophorinae and 


the Eucerinae as proposed by Michener and Lange 
(1958). A comparison of the biological data on 
Emphoropsis with those on the known Anthophorinae 
and Eucerinae, as presented by the latter authors, re- 
veals that there are only two features by which the 
subfamilies can be separated. These are the presence 
of a waxlike lining to the interior of the cell cap and 
the absence of the cocoon among the Anthophorinae. 

The biological features of Emphoropsis that place 
it in a category between the Eucerinae and Antho- 
phorinae prompt one to reflect upon the phyletic 
value of biological characteristics at the superspecific 
level, particularly among closely related taxa. As 
the ethological information in this family becomes 
more complete, the distinctiveness of the gaps be- 
tween the subfamilies becomes less precise. This 
is not surprising, for minor physiological change in 
a population could permit the adults to extend beyond 
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the area of generic endemism, in which case it need 
not be accompanied by corresponding changes in the 
ethology of adult or larva. In fact, such range ex- 
tension could possibly alleviate the strenuous com- 
petition and selection provided by its specific and 
superspecific relatives, permitting a relaxation of 
stress on genetically influenced behavior patterns both 
in the adult and larva. This would, in part, account 
for the repetition of many ethological characteristics 
that is found among distantly related forms of a 
single phyletic unit. 

In general, the information on the biology among 
the bees supports the phyletic conclusions drawn from 
morphological comparison, but biological characteris- 
tics in themselves appear to be of questionable value 
in phylogeny unless the gaps between the taxa to be 
compared are of considerable magnitude. Since our 
present problems lie below the family rank, the 
biological information can best be used to provide us 
with additional characteristics for an ultimate bio- 
metric evaluation. 
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Fahrenholzia texana, New Species, with a Key to the United States Species 
of Fahrenholzia (Anoplura: Hoplopleuridae)’ 


CHESTER J. STOJANOVICH? anno HARRY D. 


PRATT® 


ABSTRACT 


This species is described from specimens collected in 
Cameron County, Texas, from the Texas spiny mouse, 
Liomys irroratus texensis Merriam. Its taxonomic details 


The present paper reports a new species of suck- 
ing louse from the Texas spiny mouse (Liomys 
irroratus texensis Merriam). The specimens were 
collected by Dr. Richard B. Eads, H. A. Trevino, 
and E. G. Campos, of the Medical Entomology 
Laboratory, U. S. Quarantine Station, U. S. Public 
Health Service, Brownsville, Texas, at the Noriegas 
Wildlife Refuge, Cameron County, Texas. There 
are now six known species of sucking lice in the 
genus Fahrenholzia Kellogg and Ferris in the United 
States. 


Fahrenholzia texana, new species 
Plate 1 

FEMALE.—Length about 1.5 mm. Head about as 
wide as long; thoracic sternal plate longer than wide, 
definitely wider and anterior margin 
slightly concave. Abdomen with paratergal plates 
present on segments 2 to 4; paratergal plate 2 with 
three long, inflated setae between the dorsal and ven- 
tral lobes; paratergal plate 3 bilobed, with its apical 
angles pointed and with two long, approximately 
equal setae on the posterior margin; a narrow median, 
longitudinal, sclerotized plate on dorsum of abdomen 
between paratergal plates 2; ninth tergite with a 
transverse plate; female genital plate large, well de- 
veloped, somewhat truncate posteriorly, with three 
pairs of minute somewhat 
laterally, with three setae. 

Mate.—Length about 1.25 mm. Very similar to 
female. Male genitalia with basal plate uniformly 
wide throughout its length; parameres with a tooth- 
like process on inner posterior margin. 

Types.—Holotype female, July 19, 1960, and 
allotype male, June 30, 1960; both collected at the 
Noriegas Wildlife Refuge, Cameron County, Texas, 
and both deposited in the U. S. National Museum, 
Washington, D. C. 

There are also three paratypes with the following 
collection data: Noriegas Wildlife Refuge, Cameron 
County, Texas, all parasites on Liomys trroratus 
texensis Merriam, collected by R. B. Eads, H. A. 
Trevino, and E. G. Campos, two females on June 30, 


posteriorly, 


setae; gonopods set 
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are illustrated, as are important taxonomic characters of 
the six species of the genus that are keyed. 


1960, and one female on June 14, 1960. These speci- 
mens were found intermixed with specimens of an- 
other Fahrenholiza species, F. microcephala Ferris, 
on the same host animals. They are, therefore, good 
examples of sibling parasites competing for the same 
host animal. 

Comparative Notes.—There are two distinct groups 
in the United States species of Fahrenholzia (see 
plate 2). In the pinnata group (including F. pinnata 
Kellogg and Ferris, F. microcephala Ferris, and F. 
texana, new species) the females have a genital plate, 
and the males have greatly expanded parameres. In 
the tribulosa group (including F. tribulosa Ferris, 
F. sacatecae Ferris, and F. reducta Ferris) the fe- 
males lack the genital plate and the male genitalia 
have slender parameres. 

In the pinnata group, pinnata is easily distinguished 
by the short sternal plate, which is about as wide as 
long, and the absence of the median, longitudinal, 
sclerotized plate on the dorsal surface of the ab- 
domen between the second paratergal plates. Both 
microcephala and texana have the thoracic sternal 
plate longer than wide, and have a narrow, medial, 
longitudinal, sclerotized plate on the abdominal dor- 
sum between paratergal plates 2. The important dif- 
ferences between microcephala and texana are tabu- 
lated below and are illustrated in part in plate 2. 


Structure F’. microcephala F. texana 


margin of convex concave 


sternal 


Anterior 
thoracic 
plate 

Dorsal lobe of parater- 
gal plate 3 

Setae between dorsal 
and ventral lobes of 
paratergal plate 2 

Paratergal plates 
and 4 


Female genital plate 


blunt pointed 


three; large, in- 
flated 


two; minute 


large small 

truncate, weakly 
sclerotized 
teriorly 
with tooth 


pointed 
posteriorly pos- 
Inner posterior without tooth 
gin of male 
mere 


mar- 
para- 


KEY TO NORTH AMERICAN SPECIES OF 
FAHRENHOLZIA 


Paratergal plates present only on abdominal 
ments 2 to 4 
Paratergal plates present on at least abdominal seg- 
ments 2 to 6. On Perognathus 
2. Thoracic sternal plate longer than wide; dorsal sur- 
face of abdomen with narrow, median, longitudinal, 
sclerotized plate between paratergal plates 2. 
On Liomys; Texas and Mexico 


seg- 
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Fahrenbolzia texana, new species 


Plate 1.—Fahrenholzia texana, new species, showing taxonomic details 
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paratergal plates 


7 
; 


texana microcepbala _ pinnata reducta Zzacatecae tribulosa 


Plate 2—Important taxonomic characters of six species of Fahrenholsia. 
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Thoracic sternal plate about as long as wide; dorsal 
surface of abdomen without narrow, median, longi- 
tudinal, sclerotized plate between paratergal plates 
2. On Perognathus and Dipodomys. 

Thoracic sternal plate concave on anterior margin; 
three long, inflated setae between dorsal and ven- 
tral lobes of paratergal plate 2; dorsal lobe of 
paratergal plate 3 pointed apically__F. texana n. sp. 

Thoracic sternal plate convex on anterior margin; 
two or more minute setae between dorsal and 
ventral lobes of paratergal plate 2; dorsal lobe of 
paratergal plate 3 apically truncate 
F. microcephala Ferris 

Paratergal plates of abdominal segment 2 with a 
single pair of setae between dorsal and ventral 
lobes; male genitalia with parameres greatly ex- 
panded; female genital plate present 

F. pinnata Kellogg and Ferris 


Paratergal plates of abdominal segment 2 with six to 
eight long, inflated setae between dorsal and ven- 
tral lobes; parameres of male genitalia not ex- 
panded ; female genital plate absent 

F. reducta Ferris 


Paratergal plates present on abdominal segments 2 


to 6; paratergal plate 3 bilobed 
F. zacatecae Ferris 


Paratergal plates present on abdominal segments 2 


to 7; paratergal plate 3 not bilobed 


F. tribulosa Ferris 
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Eichler (1950) described a species Fahrenholzia 
fahrenholzi from a single female louse collected on 
Dipodomys deserti in Arizona. The authors have 
not seen his type, which presumably is in the 
Fahrenholz collection in Bremen, Germany. How- 
ever, the writers have examined specimens from this 
same host, collected in Arizona, through the courtesy 
of Lt. Col. K. C. Emerson and the authorities of 
the U. S. National Museum. F. fahrenholzi Eichler 
appears to be a synonym of Fahrenholzia pinnata 
Kellogg and Ferris, and is so considered in this 
paper. 

The writers are indebted to Dr. R. B. Eads and 
his coworkers, who furnished the series of this new 
species, and to Lt. Col. K. C. Emerson for the loan 
of specimens and advice concerning F. Dr. 
Morris Trager, Chairman, Department of Micro- 
biology, Emory University, and Dr. D. S. Martin, 
Chief, Training Branch, Communicable Disease Cen- 
ter, Atlanta, Georgia, have continued their active 
interest in this project. 
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The Detoxication Function of Insect Hemocytes' 


R. L. PATTON 


Department of Entomology, Cornell University, Ithaca, N. Y. 


ABSTRACT 


The initial observation that insects are more susceptible 
to chemical intoxication when the blood specific gravity is 
high led the author to the observation that this condition 
usually presages a molt and at this time the blood count 
is low. Experiments in which the blood count was re- 


The blood or hemolymph of insects is a nearly 
neutral fluid consisting of a serum fraction in which 
there are free-floating cells. Wigglesworth (1959) 
reviewed the functions of these cells and assigned 
them five roles. These include phagocytosis and im- 
munity, protection from metazoan parasites, coagula- 
tion, intermediary metabolism, and connective tissue 
formation. In 1942, Yeager et al. suggested a sixth 
function, that of detoxication. The data which are 
reported verify this function. 

This work has been limited to the study of the 
cells of the American cockroach, Periplaneta ameri- 
(L.), the house cricket, Acheta domesticus 
(L.), and the greater wax mcth, Galleria mellonella 
(L.). The cricket has received the most attention. 

The blood cells as we recognize them are disk- 
shaped bodies normally more or less elliptical in out- 
line. There are at least two types, based upon mor- 
phological characters and staining reactions. These 


cana 
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duced chemically or physically brought about an increase 
in the susceptibility of the grey house cricket to parathion. 
Further investigation indicates that this susceptibility may 
be related to the amount and activity of nonspecific 
esterases which appear to be carried by the hemocytes. 


are the free-floating cells; however, as Wigglesworth 
pointed out, only a fraction of the blood cells are 
in circulation. The rest of them appear to be loosely 
adherent to the body wall and to other tissues. The 
possibility that these may be rendered mobile under 
certain circumstances great, and this 
may well explain some of the phenomena reported 
here and in the work of others. 


seems to be 


EXPERIMENTAL 


Early in 1946 Yu Lin, a Chinese special student 
working in these laboratories, observed that when 
cockroaches with an abnormally high blood specific 
gravity were treated with chlorinated hydrocarbons 
(DDT, chlordane, BHC or lindane, and toxaphene) 
he experienced a higher rate of kill than when nor- 
mal roaches were tested. Subsequent investigations 
showed that blood specific gravity higher than the 
normal usually presages a molt, and Patton and 
Flint (1959) demonstrated that the blood count 
diminishes very significantly during this time. Com- 
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bining these observations, it is entirely logical that 
the blood cell count should have an influence on the 
susceptibility of the insect and conversely on the 
detoxication of insecticides. 

In 1958 Patton and Sarkaria described the gross 
pathology of a series of organic solvents as they 
affect insects and their data showed that ethyl 
alcohol has its principal destructive effect upon the 
blood cells. These are destroyed in several stages; 
the formation of vacuoles is the first stage, and this 
becomes apparent after a few hours of exposure. In 
1951 Bettini et al. showed that vertebrate erythro- 
cytes had the physical property of destroying the in- 
sect hemocytes by loading them through a phagocy- 
tic process. Later investigation showed that other 
solids, ground glass for example, would have the 
same effect if the size of the particles approached 
that of the vertebrate red cells, while materials such 
as carbon black or trypan blue used by Yeager et al. 
do not exert a sufficiently drastic effect upon the 
cells to destroy or disable them. Thus it is possible 
to induce hemocytopenia chemically or physically, or 
to select individuals at a time when the blood-cell 
count is naturally diminished. 

It has already been stated that insects are more 
susceptible to intoxication just before a molt when 
the specific gravity of the blood is high (and the 
blood count This was verified by treating 
crickets with high specific gravities topically with 
diethylene glycol parathion (E.S.A. 
Standard). The next logical step was to reduce the 
hemocyte count physically or chemically and to de- 
termine the effect on the susceptibility to the insec- 
ticide. For this, insects were injected perenterally 
with 3 microliters of 95 percent ethyl alcohol and 
held for 4 hours, after which the insecticide 
applied topically. The results very dramatic. 
The LD; for the house cricket normally was 16 
micrograms per gram of body weight. After in- 
jection with alcohol which caused injury to about 
30 percent of the blood cells in 4 hours, the LD=» 
at 24 hours was reduced to 0.075 micrograms per 
gram of body weight. Check insects injected with up 
to 5 microliters of alcohol showed a mortality of 
less than 5 percent. When the cells were destroyed 
physically by the injection of ground glass particles, 
the results were less dramatic. The reduction in LD» 
was from 16 micrograms per gram to 3 micrograms 
per gram of body weight. Though less spectacular 
than that shown after the injection with alcohol, the 
increased susceptibility with ground glass is signifi- 
cant. 


low ). 


solutions of 


was 
were 


DISCUSSION 

These data indicate that the toxicity of parathion 
is increased when alcohol or ground glass is injected 
into the blood of insects to cause the destruction of 
blood cells. A number of other solvents, some of 
which are used with parathion in experimental ap- 
plications, also induce a severe hemocytopenia. These 
could potentiate the insecticide. Five microliters of 
ethylene glycol applied topically to crickets produced 
an average of 16 percent injured hemocytes after 
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24 hours, p-dioxane, benzene, and propylene glycol 
used in the same way showed 21 percent, 22 percent, 
and 33 percent, respectively. Previous experience 
in this area indicates that 35 percent injury can be 
considered critical to the survival of the insect when 
considered over periods of 72 to 148 hours. This is 
an empirical value and it is not uncommon to have 
insects survive much greater injury or to succumb to 


much less. 
Enzyme assays of the blood and cells of the cricket 


show the presence of a normal complement of hy- 
drolytic enzymes that might be expected in any living 
cells with the nonspecific esterases showing the only 
unusual activity. Histochemical studies indicate that 
these are localized in the blood and 
centrifuged from collected blood show a very high 
rate of activity when assayed according to the method 
of Seligman and Nachlas (1950) with beta-naphthyl 
laurate as the substrate. These enzymes are probably 
identical to the ali-esterases which have been de- 
scribed by others. Hemolysis is difficult to 
prevent during the process of collecting blood, and 
the whole blood also shows a high rate of activity. 
One-microliter samples incubated with the substrate 
for 3 hours et 37" C. 11.2 
micrograms of beta-naphthol with cricket blood, and 
18 micrograms with the same incubation with the 
wax moth. The individual variation is rather large 
with both species. Determination of the activity of 
the non-specific esterases 24 hours after the adminis- 
tration of a low dose of parathion (about LD, ) 
percent for 


cells, cells 


very 


released an average of 


showed a decrease in activity of 55 
Galleria and 60 percent for Acheta. This decrease in 
activity is interpreted to indicate a reaction between 
the phosphate and the enzyme. The phosphorylation 
of esterases in general with the coincident dephos- 
phorylation of the phosphate is well known. This 
has been discussed by Lord and Potter (1951), Met- 
calf Metcalf et al. (1956), Van Asperen 
(1958, 1960), Van Asperen and Oppenoorth (1960), 
Oppenoorth and Van Asperen (1960), and Plapp and 
Bigley (1961). 

The observation that destruction of the blood cells 
increases the susceptibility of the msects to parathion 
indicates a detoxication function by the cells. This 
is supported by the observation that the blood cells 
contain an active nonspecific esterase system which 
is significantly reduced in its potency by parathion. 
The physical destruction of the cells with particulate 
material removes the free floating cells but not the 
precursors which released into the blood 
stream to renew the esterase supply. This explana- 
tion is proposed to account for the more dramatic 
effect observed with chemical destruction of the cells 
on the basis that the alcohol also destroys the pre- 
cursors. It might be an explanation for the enzyme 
activity recovery phenomenon described by Plapp and 
Bigley. 


(1955), 


may be 


CONCLUSIONS 
The experimental evidence leads to the conclusion 
that the blood cells are active in the detoxication of 
parathion. The data also suggest that care should be 
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taken in the selection of a solvent carrier in mode- 
of-action studies to “inert” materials which 
have a physiological activity of their own; and, as 
a corollary, they suggest the possibility of using 
adjuvents which will induce a strong hemocytopenia 
in insects to potentiate the toxicity under control 
conditions. 


avoid 
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Laboratory Studies on the Adult Behavior of Conophthorus coniperda (Schwarz) 
(Coleoptera: Scolytidae). I. Seasonal Changes in the 
Internal Anatomy of the Adult’ 


W. R. HENSON 


Yale University School of Forestry 


ABSTRACT 


Conophthorus coniperda does not feed from the time of 
adult emergence to the following spring. The gonads 
develop only after feeding, mating takes place at least 
twice, and oviposition continues over a considerable 
period. Flight muscle degeneration takes place at the 


Conophthorus coniperda (Schwarz) is a scolytid 
pest of white pine. Though it was described more than 
60 years ago (Schwarz 1895) and has since been 
recognized as a widespread pest 1958), 
very little biological work on it has been reported. 
The insect was first assigned to the genus Pityoph- 
thorus, but Hopkins (1915) erected the genus 
Conophthorus to accommodate some 15 species in- 
cluding C. coniperda. 

Reports of cone damage which was assigned to 
various unspecified members of the genus are wide- 
spread and of long standing. Miller (1915) gave de- 
scriptions of damage and the life history of C. lam- 
bertianae Hopk. and C. ponderosae Hopk. Hopkins 


(Godwin 
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time of gonadal activity. Regeneration is apparently pos- 
sible, at least in some individuals. Starvation of adults 
at definite periods of the year suggests the severity of 
competition for suitable food within even a moderate 
population. 


(1915) suggested that C. coniperda was widely recog- 
nized at the time of his paper by citing recovery of 
the species from Massachusetts to Michigan and from 
Virginia to Ontario. Though the species is most 
often confined to white pine, Thomas and Lindquist 
(1956) have recovered it from jack pine in which 
it is reported to breed as a twig-miner. 

The life history of all members of the genus so 
far described is rather similar. C. coniperda over- 
winters in immature abortive the forest 
floor. Emergence starts in early spring about the last 
week of April at New Haven, Connecticut (God- 
win 1958). The emergent adults fly to the tops of 
the trees, where they feed on new cones and shoots. 
Cones are entered at the junction of the petioles, 
where a clot of pitch commonly forms in the wound. 


cones on 
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The animal burrows in a succession of cones, where 
the eggs are laid and feeding of the new brood takes 
place. The new brood reaches the pupal stage dur- 
ing July following two apparent larval instars (God- 
win 1959). Callow adults appear in late July and 
early August. They stay within the brood cones 
while the latter drop to the forest floor. Apparently 
the callow adults seldom emerge from the brood cones 
until the following spring. 

This life history is similar in all essentials to that 
given by Miller (1915) for C. lambertianae and C. 
ponderosae, and by Lyons (1956) for C. resinosae 
Hopk. Hopkins (1915) mentioned the twig feeding 
of spring adults as a normal part of their behavior, 
though Godwin (1958) suggests that it is more com- 
mon when the population is so high that all cones 
are infested. Struble (1947) and Ruckes (1957) 
state that twig mines form the normal overwintering 
habitat of C. lambertianae; a habit which is ap- 
parently shared by C. coniperda under some circum- 
stances (Thomas and Lindquist 1956). C. radiatae 
Hopk. on Monterey pine (Ruckes 1958) has a life 
history very similar to the normal C. contperda de- 
scribed by Godwin (1958, 1959). Apparently, little 
is known of the habits of other members of the genus. 

The degeneration of flight muscle which accom- 
panies seasonal gonadal changes has been reported 
from aphids (Johnson 1953), mosquitoes (Hocking 
1952), and bark beetles (Chapman 1956, 1957; Reid 
1958). There is a suggestion that a similar phenome- 
non is found in water beetles (Jackson 1952). Little 
is known of the physiology of this phenomenon, 
though Hocking (1952) has suggested that the flight 
muscle serves as a nitrogen reserve which is used 
up in the reproductive process. That it is quite 
general is suggested by the findings of Chapman 
(1957) who reported it from nine genera of scolytids 
and did not fail to find it in a single case. 

The possibility that flight-muscle degeneration oc- 
curs in Conophthorus coniperda and imposes a severe 
limitation on behavior led to a systematic examina- 
tion of adult specimens collected through the entire 


season. 


OBSERVATIONS 

Methods.—Cones were collected in the field and 
the insects removed at once by dissection. The in- 
sects were preserved in alcohol with glycerine added 
to prevent excessive hardening. Dissection was done 
by a free-hand, median, sagittal slice followed by 
blunt dissection with very fine forceps. Atkins and 
Farris (1958), working on the larger genus Dendroc- 
tonus, found it expedient to impregnate their material 
with wax and section the whole animals for measure- 
ment. This was found to be more time consuming 
than the rather difficult direct dissection. 

1. Gut.—The position of the gut within the animal 
is illustrated in median sagittal section in figure Ib. 
In all cases, the entire gut of the callow adults 
was empty or filled only with small amounts of com- 
pletely reduced materials from the first appearance 
of adults after pupation to the following spring. 
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There was no evidence of fresh food in all this time, 
even though the animals appear able to move and 
orientate at any time during the winter when the 
temperature is high enough. The fat body decreases 
in size throughout the late summer and to some ex- 
tent through the winter. 

At the time of emergence, appears in the 
crop. This suggests that the insects ingest some of 
the material which they cut away during emergence. 
Insects taken from fresh cones during the first few 
days of spring feeding show enlarged crops and the 
entire gut full of coarse material. During this period, 
the fat body becomes rather larger. From early May 
to the time of death of the parent generation in 
August, the gut continues to show the presence of 
fresh food and the fat body continues to be evident. 

2. Gonads—Both male and female gonads 
very slightly developed in the newly emerged adults 
within the cones in summer. No gross change in 
the gonads can be seen from that time to the time 
of emergence in the spring. At that point, the 
testes increase in size while the adults are feeding 
in the first cones. About the middle of May there is 
some reduction of testicle size with a second period 
This second period of 


food 


are 


of maximum size in July. 
testicular growth is followed by degeneration during 
late July and early August. 

From these observations, it appears probable that 
mating takes place within the first cones attacked 
and again as feeding and egg laying continue. No 
direct evidence of this was found by examination of 
the females. 

Ovarian development becomes evident during late 
April and early May but does not reach its peak 
until early June, at which time the ovaries fill almost 
the entire abdomen and protrude into the 
thoracic space. Egg laying evidently continues for 
some time, starting in May and continuing until mid- 
June at least. 

3. Flight Muscles —The arrangement of the mus- 
cles involved in normal degeneration is illustrated 
in figure lc, d. The names employed are taken after 
Ruschkamp (1927). The dorsal longitudinal, an- 
terior, and posterior tergosternals on both sides of 
each insect were examined. It was perfectly apparent 
from preliminary dissections that in any individual 
insect, degeneration is a sudden and complete phe- 
nomenon. The dorsal longitudinal and tergosternal 
muscles shrink to a mere thread. The remainder of 
the muscles: oblique, tergopleural, levator, subalar, 
and basalar remain much their normal size. No 
partly degenerated muscles were seen in more than 
300 dissections. 

Flight muscles are of normal size throughout the 
period from adult August through 
the winter and spring. The flight muscles degenerate 
suddenly about the beginning of June. Regeneration 
apparently takes place, at least in some cases. In- 
sects collected in late June and July had normal- 
size muscles. A second period of degeneration occurs 
during the first half of August, when an increasing 
proportion of the examined showed de- 


even 


emergence in 


insects 
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Fic. 1.—Location of flight muscles in Conophthorus coniperda. 
A. Plan of insect showing planes of section. B. Median sagittal section. C. Para sagittal section. 


D. Para sagittal section. 
longitudinal. c. 


a. Mandibular adductor. b. Dorsal cervical 


tergosternal. e. Posterior tergosternal. f. 


generated flight muscles. Thus, the degeneration of 
the flight muscles corresponds to the onset of repro- 
ductive activity and to senescence. It occurs to the 
same extent and at the same time in both sexes. 

4. Starvation—During the course of the be- 
havioral investigations, a number of insects which 
behaved in a particularly sluggish manner, never flew 
and appeared to be disoriented to light, were noted. 
\ number of these insects were dissected and it was 
found that they were seriously emaciated. The flight 
muscles, including those not usually involved, were 
degenerated. The gut was always empty and blown 
up so that it filled the space left by the shrinkage of 
the other tissues. The mandibular flexor muscles of 
the head were about one-tenth their normal size 
and the pharynx was inflated to fill the space left. 


Dorsal oblique. 
pleural. i. Anterior basalar. j. Posterior basalar. 


Anterior 


Elytron levator. d. 
Tergo- 


g. Dorsal longitudinal. h. 


This frequently drew the proventriculus forward 
so that it was directly behind the cervical opening 
of the head capsule. The venter of these insects was 
always grossly enlarged to fill most of the thorax and 
the dorsal wall of the abdomen was always collapsed 
with the fat body and gonads almost impossible to 
locate. 

Remarkably enough, these starved animals were 
able to move about in spite of a net loss of perhaps 
60% of their visceral volume. Evidence of recovery 
from symptoms of starvation was never seen. The 
incidence of starvation was rather remarkable. About 
25% of the animals from first adult emergence to 
spring emergence from the cones showed the con- 
dition. No further starvation took place up to the 
end of May when about 40% incidence of the con- 
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dition was found. Again, during the latter part of 
June, about 50% incidence was found. 

It is rather difficult to interpret this starvation. 
All the insects involved were removed from their 
food source, rather than being taken at large. It 
seems possible that the overwintering victims of 
starvation were in fact the old parental generation. 
The insects which starved during the two succeeding 
periods during May and June were probably in- 
dividuals which failed to re-establish themselves first 
in fresh feeding cones and then in the egg laying 
cones. These may well have entered burrows in 
previously infested cones. In such a case, they 
would have to rework the cone already infested 
by another pair of insects. This explanation is 
speculative. In a high population, the supply of 
previously undamaged cones available for attack 
would rapidly diminish. The presence of starved 
insects in increasing numbers through the season 
suggests one effect of the apparently severe com- 
petition for food which is found in the field. 

During the dissection of more than 1,000 adults, 
no evidence of disease, or parasite infection was 
found. Insects found dead in the cones were uni- 
formly infested with fungi, doubtless secondary in 
nature. Apparently, in the New Haven area, Conoph- 
thorus coniperda not limited by parasites or 
disease of the adult stages. 


is 
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and the species of Rhamphomyia and Empis sens. lat., 
and Part 3 the genus Hilara and remaining genera; 
an index to the entire volume will also appear in the 
last part. 

Mr. Collin is producing a remarkable work, as 
evidenced in the first part by the obviously careful 
illustrations, the complete descriptions, and the ex- 
tended comments for some of the species. Although 
some will undoubtedly take issue with Mr. Collin’s 
nomenclature, the work appears to be a_ sound 
taxonomic achievement. 


Ricuarp H. Foote, 
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ABSTRACT 


Observations were made on 29 species, most of them in 
Texas and Wisconsin, but a few in Utah, Oklahoma and 
Colorado. Three species were collected extensively, fre- 
quently in association with each other: Culicoides crepus- 
cularis Mall. apparently has a low biotic potential, al- 
though it breeds as well in sunlight as in shade; C. 


Notes made by the author on the general charac- 
teristics of the larval habitats of 29 North American 
species of Culicoides are presented in this paper. 
Most of the collections were made in Texas and 
Wisconsin, and a few in Utah, Oklahoma and 
Colorado. “Soil” is used in this paper to indicate 
wet ground surface areas, usually exposed mud, that 
are suitable for Culicoides breeding. 

In an analysis section the species and the localities 
in which they were collected are listed, together with 
a summary of the type of habitat for each. If enough 
sites suitable for a species were examined, the rela- 
tive abundance (plentiful, sparse, rare) of habitats 
is indicated. The population density indicated by 
each collection of the immature stages is designated 
by the terms “heavy,” “moderate,” or “slight,” and 
is based largely on a time factor. For example, 
the recovery of 12 pupae per minute was considered 
moderate breeding, but the recovery of this number 
in an hour was recorded as slight breeding. 

In the section giving the breeding sites, 
habitat is described and the species found in each 
collection are listed in descending order of abundance. 
In other sections these sites are referred to by their 
The descriptions 


each 


assigned numbers, in parentheses. 
for sites including more than one type of habitat are 
indicated by “A” and “B.” Sites that are difficult to 
classify are placed according to their apparent closest 
relationship. For many of these collections, charac- 
ters often used in habitat classification, such as flora, 
pH, and soil characteristics, were not noted; there- 


fore, the arrangement of the habitats was often a 


matter of convenience. 
METHODS OF COLLECTION 


Pupae were placed on wet cotton at the bottom 
of cotton-stoppered lip vials, usually one per vial, 
so as to associate the emerged adult with the pupal 


1 Accepted for publication March 13, 1961. 

2 The portion that deals with Wisconsin collections reports 
studies conducted during the course of graduate study on this 
genus, under the guidance of R. J. Dicke, professor at the Univer- 
sity of Wisconsin, and with the support of the Wisconsin Alumni 
Research Foundation. Some of the author’s studies in Texas 
based on previous work by W. W. Wirth of the Entomology 
Division at Washington, D. C., and H. M. Brundrett 

3ottimer of the Division’s Livestock Insects Labora- 
he was also assisted by M. O. Pickens 
staff at the Kerrville 


are 
Research 
and L. J 
tory at Kerrville, Texas; 
and D. E. Hopkins, members of the 
laboratory 


haematopotus Mall. prefers shade; and C. variipennis 
(Cog.) prefers sunlight, although it breeds well in shade. 
The last-named species is the most tolerant of differences 
in its environment, breeds well in fresh-, salt-, and 
alkaline-water environments, but prefers habitats well 
polluted with manure. 


exuvia. Full-grown larvae were sometimes held in 
watch glasses so that the last larval skin could be 
associated with the other stages. 

Two methods of sampling sites were employed. 
A pupal sample was used principally to determine if 
breeding occurred at a site; in the field, selected por- 
tions of the breeding medium were placed in a pan 
of water, and the pupae that subsequently floated to 
the surface were collected. 

A laboratory-emergence sample frequently 
used if a pupal sample showed that breeding occurred 
at a site, or if pupae were not found although larvae 
were present. Selected portions of the habitat were 
taken to the laboratory in pans suitable for holding. 
Since the pupal stadium for all species collected was 
about 3 days, the pans were flooded every other day 
to remove the pupae. This procedure was continued 
until enough specimens had been obtained, or until 
the culicoid fauna was exhausted. In heavy collec- 
tions of pupae from one site, one species which was 
recognizable taxonomically in its pupal stage fre- 
quently predominated. The rare species were placed 
in vials for individual emergence, and the predomi- 
nant species was frequently used for biological studies 


Was 


in the laboratory. 


SUMMARY OF TYPES OF LARVAL HABITATS 
FOR EACH SPECIES 


arboricola R. & H. Tree holes. Texas (53). 
Wisconsin (56). 

arubae Fox and Hoffman. Salt-water soil habi- 
tats along Gulf coast of Texas (46, 47, 49, 50), 
breeding sites plentiful; reared from salt-water pools 
and overflow area of water tank, protected from tidal 
action; density of immature population slight to 
moderate, except heavy at site 47B with the exposure 
of mud bars at recession of water level in alligator 
pool. 

bauert Hoff. Fresh-water habitats. 
plentiful at habitat-type, spring-creek sites (8, 11-13) 
in Kerr and Gillespie Counties; density slight to 
moderate. This species apparently prefers a shady 
environment with clear water flowing at a moderate 
rate. It was not found in other types of soil habi- 
tats in the same area. WISCONSIN, rare: mud bar 
at shaded stream margin (26); density slight. 


soil TEXAS, 
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bermudensis Williams. Salt-water soil habitats 
along Gulf coast of TEXAs, sparse; salt-water pools 
(47) and overflow area of water tank (49), pro- 
tected from tidal action; density slight. 

crepuscularis Mall. Fresh-, salt-, and alkaline- 
water soil habitats. (See Discussion) Trexas, WIs- 
CONSIN, OKLAHOMA, UTAH, fresh-water habitats very 
plentiful; density slight to moderate. This species 
breeds in most fresh-water soil habitats suitable for 
culicoid breeding. 

In Utah this species was found in small numbers 
along the margin of an alkaline stream (44A). In 
Texas a few specimens of the salt-water form were 
found along the margin of a fresh-water slough 
containing slightly saline water (46). 

fiukei Jones. Tree holes. Wisconsin (57). 

guttipennis (Coq.). Tree holes, stump hole, and 
rain water in tree crotch. Wusconsin (56-58), 
plentiful. 

haematopotus Mall. Fresh- and alkaline-water soil 
habitats. Discussion) TEXAS, WISCONSIN, 
OKLAHOMA, Utau, fresh-water habitats, very plenti- 
ful; density slight to moderate except moderately 
heavy at site 26. This breeds in most 
fresh-water soil habitats suitable for culicoid breed- 
ing. 

In Utah this species was found in small numbers 
along the margin of an alkaline stream (44A). 

hieroglyphicus Mall. Fresh-water habitats. 
OKLAHOMA, lake margins (37, 38), density slight. 
Texas, plentiful along Rio Grande River in Brewster 
County; density moderately heavy at mud flats (19) 
and moderate at river margins (18). 

jamesi Fox. Fresh-, salt-, and alkaline-water soil 
habitats. CoLorapo; grassed margin of fresh-water 
mountain stream (15) and sand margin of stream 
with water of low salinity (45); slight. 
Uran, density slight at fresh-water seep area (14B) 
and moderate along margin of alkaline stream (444A). 

jonesi Wirth and Hubert. Cactus. Texas, inside 
rotted stems of prickly pear (59). 

multipunctatus Mall. Fresh-water soil habitats. 
OKLAHOMA, margins of pool (36) and lake (37), 
density slight. Texas, plentiful; density slight to 
moderate, except heavy at site 7B with exposure of 
muck banks in stream bed containing still water. 
This species was found at most types of habitats. 
However, it was not found breeding in areas where 
pollution by livestock was heavy and the medium 
consisted of loose silt. 

nanus R. & H. Tree holes. 
CONSIN (56, 57). 

neopulicaris Wirth. Fresh-water habitat. 
Texas, rare; shaded area at origin of spring creek 
(9) ; density slight. 

obsoletus (Meig.). Damp terrestrial habitats. 
WISCONSIN, manure piles (60) and mound of de- 


(See 


species 


soil 


density 


Texas (53). Wis- 


soil 


composing cornstalks (61). Breeding sites are proba- 
bly common in habitats of this general type, although 
this difficult to determine without using 
emergence cages. 

oklahomensis Khalaf. Stump hole. Texas (55). 


was 
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hole. 


Khalaf. 


(52). 


Tree holes and stump 
Texas (53-55), plentiful. 
Fresh-water soil habitat. 


ousairani 
OKLAHOMA 

piliferus R. & H. 
CONSIN, marsh (43). 

spinosus R. & H._ Fresh-water habitats. 
TEXAS, sparse; grassed boggy stream margin (20) 
and spring-creek areas (11, 13); density slight. 
WISCONSIN, sparse; mud bars in and at margins of 
streams (26, 28, 29); density slight to moderate. 

stellifer (Coq.). Fresh-water soil habitats. Texas, 
rare; shaded area at origin of spring creek (9); 
density slight. WuiscoNsIN, sparse; mud bars in and 
at margins of streams (26, 29); density slight to 
moderate. 

stonei James. Salt- and alkaline-water soil habitats. 
TEXAS, rare; salt-water (49B), near Gulf 
coast, in area lacking shell ridges and pickleweed, 
not influenced by tidal action; density slight. UTAH, 
margin of alkaline stream (44A) ; density slight. 

travist Vargas. Fresh-water habitats. W4us- 
CONSIN, sparse; margin of and mud bar at margin 
; density slight. 
Fresh-water soil habitats. 
(42) in 


WIs- 


soil 


pool 


soil 


of streams (25, 26) 
unicolor (Coq.). 

CONSIN, sparse; margins of pools 

density, and marsh (43). 

(Coq.). Fresh-, salt-, 

(See Discussion ) 


Wis- 
slight 


vartipennis and _ alkaline- 
water soil habitats. As flies from 
all the sites were not identified to subspecies, it is 
assumed that material salt-water habitats is 
v. australis Wirth and Jones; from Wisconsin, v. 
variipennis (Coq.); and 
Wirth and Jones. CoLorapo 
margin in feed-lot area (16) and margin of large 
temporary unused feed lot (35); 
slight. Utaun, plentiful; density slight to moderately 
heavy; fresh-water at slough margin (23) and seep- 
age area in wash (14B); salt-water at seepage area 
by Great Salt Lake (51); and margin of alkaline 
stream (44). WHISCONSIN 
density slight at wet areas in cow yards (4, 5) and 
moderate at shaded stream margin (26). 
tions made support the conclusion of Wirth and Jones 
(1957) that 7. 
whereas its relatives occur more abundantly ; 
individuals, as 


from 


Texas, wv. sonorensis 


(fresh-water ) : 


from 
c reek 


pool in density 


(fresh-water), sparse; 


The collec- 
varlipennis is sparse in its range, 
this is 
well as for the 
number of found. TEXAS salt- 
water), very plentiful; density slight to heavy. This 
habitats suitable for 


true of density of 


sites (fresh- and 


species breeds in most soil 


culicoid breeding. 


venustus Hoff. Fresh-water soil habitats. W4s- 


CONSIN, rare; margin of and mud bar at margin of 
streams (25, 26) ; density slight. 

villosipennis R. & H. 
Wisconsin (58). 

sp. near obsoletus Damp 
habitat. Wisconsin; edge of low hay pile (62). 

sp. near spinosus. WIs- 
CONSIN, rare; mud bar in stream, and one at margin 
of stream (26, 28); density slight. 

n. sp. Alkaline-water habitat. Uran, 
gin of alkaline stream (44A) ; density slight. 


Tree holes and stump hole. 
terrestrial 


( Meig.). 


Fresh-water soil habitats 


soil mar- 
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DESCRIPTION OF BREEDING SITES 


Soil Environments 


FRESH WATER. 
Small Wet Areas—Nonvegetated, Polluted with 


Manure, Exposed to Direct Sunlight: 


1. Texas, Edwards Co., Texas A & M Substation 
No. 14, 26 IX 1956, seepage area at water tank in 
pasture. A pupal sample showed slight breeding: 
vartipennis, crepuscularis. 

2. Texas, Kerr Co., cattle 
seepage area at water trough 
sample showed slight breeding : 

Kerr Co., dairy farm, numerous 

1957, wet area at overflowing water 
This gently sloped, narrow area 

Heavy breeding was con- 
fined to about 2 square close to the tank 
where the continual passage of cows had produced 
a loose, brown silt several inches deep. The shallow 
water over most of this silt was clear because of its 
continual moderate flow. Heavy breeding of varii- 
pennis was found in June. By September, after re- 
moval of much of the silt for laboratory experimen- 
tation, breeding had greatly diminished. Although a 
careful search was not made, no other species of 


ranch, 7 IX 1955, 
in pasture. A pupal 
varlipennis. 

3. Texas, ob- 
servations in 
tank in cow yard. 
was about 20 feet long. 
yards 


Culicoides were noted. 

4. Wisconsin, Washburn Co., dairy farm, 7 and 
22 VIII 1952, wet area at leaking water trough in 
cow This area contained loose, brown silt 
about 6 inches deep. The shallow water over the 
silt was dark brown with pollution from cow manure. 
Two pupal samples showed slight breeding: varit- 
pennis. 

5. Wisconsin, Washburn Co., dairy farm, 11 VII 
1952, shallow rain-water pool in cow yard. A pupal 
varlipennis. 
sewage farm, 29 
III 1956, overflow water tank. (A) A 
pupal sample from the margins of a pool close to the 
tank showed slight breeding: varitipennis. (B) A 
pupal sample from small mud areas about 20 feet 
down a gentle slope where the heavily grassed 
drainage area broadened out showed slight breeding : 
crepuscularis. Midway between these two points, 
breeding was found on the surface of a pad of cow 
manure, which had been deposited over a heavy 
cover of grass directly in the moderate water flow 
and was not with mud. A _ laboratory- 
emergence sample showed slight breeding: haema- 
topotus, crepuscularis. 

7. Texas, Kerr Co., 9 and 12 VIII 1956. (A) A 
seepage area in a dry river bed at the base of a 
small dam yielded no pupae and a moderate number 
of larvae on 9 VIII. A pupal sample for 12 VIII 
showed slight breeding: variipennis. (B) The water 
in the river bed was backed up to within 20 feet 
of the above dam by another downstream. The non- 
vegetated margins of this still-water area were com- 
posed of a deep muck for a considerable distance. A 
sample for 9 VIII showed 


yard. 


sample showed slight breeding: 
6. Texas, Kerr Co., municipal 


area of 


associated 


laboratory-emergence 
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moderately heavy breeding of multipunctatus and 
moderate of crepuscularis. 

Spring-Creek Areas in Kerr and Gillespie Coun- 
ties, Texas: These habitats ranged from ravines 
where breeding would be washed out during a rain 
to level pastures where rainfall would have little 
effect. All the sites had a shallow flow of water. 
Most of them, especially during the drought of 
1956, were almost dry and the water disappeared into 
the creek bed within a short distance of its origin. 
In many creeks water appeared above ground for 
short distances downstream. All the sites provided 
water for livestock. 

8. Gillespie Co., 28 II, 22 VI, and 12 IX 1956, 
area at origin of spring. The spring was in a shady 
area at the head of a small draw which started 
abruptly at a depth of 4 feet. A small pool of water 
with rock margins occupied the first 1 or 2 feet 
of the draw bottom, and the next few feet were 
filled with silt. This nonvegetated breeding area 
covered about 2 square yards. Good breeding was 
confined to mud banks on one side and to central 
areas where soft mud protruded slightly above water. 

On 28 II, breeding of haematopotus was moderate, 
and of varitpennis, crepuscularis and baueri slight. 
A laboratory-emergence sample for 22 VI showed 
moderate breeding for crepuscularis and variipennis, 
and slight for baweri. By 12 IX this site was almost 
completely dry and only the small, deeper pool was 
left. A pupal sample for this date showed slight 
breeding : crepuscularis. 

9. Kerr Co., 20 VI, 11 VII, and 30 VII 1956, 
and 4 III and 11 IV 1957, area at origin of spring. 
The 2- to 4-square-yard nonvegetated breeding area 
was well shaded, and both its margins and central 
shallow bars were composed of soft mud. Breeding 
was not found in the small, narrow, leaf-filled creek. 

The three pupal samples for 1956 showed slight 
breeding: 20 VI, varitpennis and neopulicaris; 11 
VII, variipennis, haematopotus and stellifer; and 30 
VII, variipennis, haematopotus and neopulicaris. A 
laboratory-emergence sample for 4 III 1957 showed 
moderate breeding of variipennis and slight of crepus- 
cularis. A pupal sample for 11 ITV 1957 showed slight 
breeding: variipennis, crepuscularis. 

10. Bexar Co., Camp Stanley, 9 IX 1955 and 6 
IV 1956, overflow area of well. This flat, grassy 
area, in direct sunlight, was broken up into many 
mud-margined pockets of water by the trampling of 
cattle. A pupal sample in 1955 showed slight breed- 
ing: vartipennis. A laboratory-emergence sample 
for 1956 showed slight breeding: crepuscularis, varii- 
pennis, haematopotus. 

11. Kerr Co., 7 and 12 VII 1956, area at origin of 
spring. This slightly shaded area consisted of about 
2 square yards of boggy grass interspersed with small 
mud pockets caused by the trampling of cattle. A 
very small, well-shaded, mud-banked creek led down 
the slope. 

A pupal sample of the grassy area on 7 VIT showed 
slight breeding: baueri, spinosus. crepuscularis, multi- 
punctatus. A pupal sample on 12 VII, from both the 
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Table 1—Summary of data for all 1956 collections at spring creek sites, showing the number of adults collected. 
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Totals 164 


a Three adults of other species were also collected. 


above area and the more shaded margins of the creek, 
showed moderate breeding of bauert and haematopo- 
tus and slight of crepuscularis and spinosus. 

12. Gillespie Co., 12 IX 1956, margin of spring 
creek. This creek was about 8 feet wide, but shallow. 
The breeding area was nonvegetated and exposed to 
direct sunlight. A pupal sample, taken from one side 
where shallow mud areas extended up to 2 feet from 
the shore line, showed moderate breeding of crepuscu- 
laris and slight of haematopotus, variipennis, bauert 
and multipunctatus. 

13. Gillespie and Kerr Cos., various spring-creek 
sites. (See table 1 for collection data.) Sites 131 
and 13n were pools in a creek bed. Sites 13j and 
13m had a considerably stronger flow of water in 
1957 than in 1956; on 17 IV 1957, 13) had moderate 
breeding of haematopotus and baueri and slight of 
crepuscularis, and 13m had moderate of multipunc- 
tatus and slight of spinosus, baueri and haematopotus. 


Spring Seepage Areas in Utah: 


14. Garfield Co., near Escalante, Alvey Wash, 2 
VI 1958. (A) A small boggy area with some stand- 
ing water was examined. This site about 2 
square yards in area, moderately grassed, exposed 
to direct sunlight, and located about 6 feet from the 
lip of a wash. Exposed mud was composed of a 
black organic matter. A pupal sample showed slight 
breeding: crepuscularis. (B) Another seepage area, 
about 20 feet distant and close to the shallow wash 
bottom, was smaller, not grassed, exposed to direct 
sunlight, and contained a small amount of water with 
some claylike mud. A pupal sample showed moderate 
breeding of variipennis and slight of jamesi and 
haematopotus. 


was 


Streams and Rivers: 
15. Colorado, Jefferson Co., 8 and 15 IX 1957, 


7 


180 


margin of Soda Creek. This small mountain stream 
had swiftly flowing, clear, cool water, and was ex- 
posed to direct sunlight. The stream margins were 
heavily grassed and no exposed mud was evident. 
A pupal sample showed very slight breeding: jamesi. 

16. Colorado, Adams Co., Natco Feeding Com- 
pany, 8 VII 1958, margin of small creek. This small, 
clear-water creek ran through a narrow area between 
feed lots; the margins were shaded by tall weed 
growth and composed of a deep black muck that had 
a rather hard brown surface. A pupal sample showed 
slight breeding : vartipennis. 

17. Texas, Bexar Co., Camp Stanley, 9 IX 1955 
and 6 IV 1956, margin of small stream. This water 
sewage effluent. Two pupal samples showed 
slight breeding: crepuscularis in 1955; and haema- 
topotus, crepuscularis, vartipennis in 1956. 

18. Texas, Brewster Co., Big Bend National Park, 
Hot Springs and Boquillas Crossing, 6-7 V 1956, 
margin of Rio Grande River. Two pupal samples 
at Hot Springs, one at the exit of a hot spring into 
the river, showed moderate breeding: hieroglyphicus. 
The pupal sample at Boquillas Crossing 
moderate breeding: hieroglyphicus, variipennis. 

19. Texas, Brewster Co., Big Bend National Park, 
Tornillo Creek, close to exit into Rio Grande River, 
7 V 1956, margins of mud flats. These nonvegetated 
areas were exposed to direct sunlight and, because 
of desiccation, were heavily cracked close to the 
water margins. The water supply consisted of several 
shallow flows over this mud-flat area. Pupal samples 
showed moderately heavy breeding of hieroglyphicus 
and moderate of variipennis. 

20. Texas, Gillespie Co., 30 III 1956, margin of 
Wolfe Creek. This nonshaded area 
low swampy bank where mud was not evident be- 
cause of a heavy cover of tall grass. A pupal sample 
showed slight breeding: multipunctatus, spinosus. 


was 


show ed 


consisted of a 
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21. Texas, Gillespie Co., 7 VIII 1956, margin of 
Pedernales River. At the time of collection the river 
was low because of the drought. A pupal sample 
from a low grassy area where some exposed mud 
was evident showed moderate breeding of crepuscu- 
laris and slight of multipunctatus. 

22. Texas, Kerr Co., 24 and 27 II, and 15 III 
1956, margins of Guadalupe River. Pollution with 
manure was common. Pupal samples showed 

to moderate breeding of crepuscularis and 
Slight breeding of 

and 27 II, and 


COW 
slight 
haematopotus on all three dates. 
multipunctatus was found on 24 
of variipennis on 15 IIT. 

23. Utah, Morgan Co., near Kaysville, 31 V 1958, 
margin of slough. The manure of cattle was evident 
where the ditch broadened out into a shallow flow. 
A pupal sample showed slight breeding: vartipennis. 

24. Wisconsin, Outagamie Co., 15 VI 1954, mar- 
gin of Wolfe River. This was a large, fast-flowing 
stream with steep, hard margins. A pupal sample 
showed slight breeding: crepuscularis. 

25. Wisconsin, Richland Co., 29 V 1954, margin 
of Indian Creek. This small brook did not have 
soft mud margins. Pupal samples from small niches 
showed slight breeding: haematopotus, crepuscularis, 
venustus, travist. 

26. Wisconsin, Richland Co., 29 V and 10 VI 
1954, mud bar at margins of Knapps Creek. Cattle 
manure was evident along the margins of this small, 
clear-water, shaded stream. Collections were made 
from a mud bar of fine clay loam on the outward 


stream margin just beyond a sharp bend. This bar’s 
margin sloped steeply into deep water; however, the 
surface was only slightly above water for a distance 
of up to 2 feet from the shore line. Pockets of water 
containing a considerable amount of algae were on 
Collections were made from 
the stream margin and from the small pockets of 


the surface of the bar. 


water. Heavy breeding occurred on 29 V_ and 
moderate on 10 VI. A laboratory-emergence sample 
for 29 V showed moderately heavy breeding of 
haematopotus; moderate of spinosus, stellifer and 
vartipennis; slight of crepuscularis and travisi; and 
very slight of venustus, baueri and sp. near spinosus. 

27. Wisconsin, Rusk Co., 17 X 1953, margin of 
stream. This medium-sized stream was exposed to 
direct sunlight at the point where the gently sloped, 
sandy margins contained considerable silt, and some 
pads of cow manure were present. A pupal sample 
showed moderate breeding of crepuscularis and slight 
of haematopotus. 

28. Wisconsin, Shawano Co., 4 VII 1954, mud 
bar in stream. This bar was composed of soft muck. 
A pupal sample showed slight breeding : crepuscularis, 
spinosus, haematopotus, sp. near spinosus. 

29. Wisconsin, Vernon Co., 26 VIII 1954, mud 
bar in stream. This bar was composed of a soft 
muck. <A_ pupal slight breeding: 
crepuscularis, spinosus, stellifer. 


sample showed 


Dirt Stock Tanks in Vicinity of Kerrville, Texas: 


All these areas were nonvegetated, exposed to 
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direct sunlight, and polluted with manure. Many of 
them receive run-off from springs and are therefore 
not dependent on rain water to maintain the water 
level. A considerable number were negative for 
Culicoides breeding, although conditions appeared 
to be suitable. 

30. Bexar Co., Camp Stanley, 9 IX 1955 and 6 
IV 1956. Two tanks were examined. <A_ pupal 
sample for one tank in 1955 showed slight breeding: 
crepuscularis. Two pupal samples from the other 
tank, 1955 and 1956, showed slight breeding: varii- 
pennis, multipunctatus. 

31. Edwards Co., summer of 1956. 
of this small tank was a white calcareous 
known as caliche. The shore line was moderately 
covered with algae, and the water was dark with 
pollution from livestock. A pupal sample showed 
moderate breeding : variipennis. 

32. Gillespie Co., spring of 1957. The water level 
in this tank was very low and the soil a reddish 
clay. A pupal sample showed moderate breeding: 
multipunctatus. 

33. Kerr Co., 1-2 VIII and 7 XII 1955, and VIII 
1957. In 1955 the water in this large tank was low, 
exposing mud bars at the shore line. These bars 
were composed of soft claylike mud about 1 foot in 
depth. Extensive areas of mud were only slightly 
above or below the water level. The water was 
heavily polluted with manure from cattle, sheep, and 


The margin 
soil 


hogs. 

Pupal and laboratory-emergence samples showed 
moderate breeding of vartipennis in 1955. Larvae 
were found in mud samples from the pool bottom as 
far as 3 feet from the shore line, where the water 
was 6 inches deep, although they were more abundant 
closer to shore. This site was dry in 1956 and only 
slight breeding was found in 1957, after the removal 
of most of the silt by the rancher. 

34. Real Co., 28 VII 1955 and 26 I 1956. Pupal 
samples showed moderate breeding in 1955 and 
slight in 1956: variipennis. In 1956 a few live larvae 
and pupae were recovered, even though ice had 
formed over the breeding areas during the preceding 
week. 


Pools, Ponds, and Lakes: 


35. Colorado, Adams Co., Denver stockyards area, 
VII 1958, large temporary pool in vacant feed lot. 
The pool covered one-fourth of three unused pens, 
and the water was up to 1 foot deep and was cloudy 
because of pollution. The shore was gently sloped 
and soft, and consisted of manure and digested corn 
kernels. Laboratory-emergence samples showed slight 
breeding: variipennis. Breeding did not occur in 
feed-lot pens nearby, where shallow pools contained 
a very dark, thick liquid. 

36. Oklahoma, Payne Co., Lake Carl Blackwell 
area, 9 X 1955, pool margin. This pool was at the 
bottom of a ravine and was constantly supplied with 
water by slight seepage from the ravine’s sides. The 
water was clear and the pool margins sandy, with 
pollution animal excrement. 


no evidence of from 
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A pupal sample showed moderate breeding of crepus- 
cularis and slight of multipunctatus and haematopotus. 

37. Oklahoma, Payne Co., 12, 13, and 19 X 1955, 
margin of Lake Carl Blackwell. The soil at the 
shore line was hard. Scrapings were taken from 
small, softer niches in the lake margin in front of a 
small stand of cattails. The following pupal samples 
showed slight breeding: 12 X, multipunctatus, hiero- 
glyphicus; 13 X, multipunctatus; and 19 X, multi- 
punctatus, hieroglyphicus, crepuscularis, haematopo- 
tus. 

38. Oklahoma, Payne Co., 20 X 1955, margin of 
Boomer Lake. The shore line was sandy, with 
mingled small debris. A pupal sample showed slight 
breeding: crepuscularis, hieroglyphicus. 

39. Texas, Gillespie Co., 14 II 1956, drainage pool 
at base of dam. The concrete margins were covered 
with a thin layer of soft mud. A pupal sample showed 
slight breeding: multipunctatus, crepuscularis, haema- 
topotus. 

40. Texas, Gillespie Co., 23 III 1956, margins of 
two small flood-water pools along the Pedernales 
River. The margins of these shallow pools were a 
mixture of gravel and mud. A pupal sample showed 
slight breeding: crepuscularis, multipunctatus. 

41. Wisconsin, Dane Co., 4 X 1953 and 20 V 1954, 
margin of Lake Mendota. Collections were made at 
the shore line where it terminated in an extensive 
swamp. The gently sloped margins were composed 
of a deep peat muck. Laboratory-emergence samples 
showed moderate breeding in 1953 and slight in 
1954: crepuscularis, wisconsinensis. 

42. Wisconsin, Dane Co., Univ. Wisconsin Ar- 
boretum, 30 V 1954, margin of large temporary pool. 
Washburn Co., 8 VI 1953, margin of temporary 
potholes. Washburn Co., 20 VII 1952 and 22 V 
1953, margin of irrigation pool that had hard soil 
or grassy margins. A pupal sample for each date 
showed very slight breeding (1 pupa): crepuscularis 
in 1952; unicolor in 1953-1954. 


Marsh: 


43. Wisconsin, Washburn Co., 22-24 V_ 1953. 
Some sphagnum moss and cattails were present. A 
heavy rain, just before the collections, flooded the 
marsh with an additional foot of water, and many 
pupae apparently floated over to one margin. A pupal 
sample showed breeding: unicolor, piliferus. Breeding 
was not found before the rain, even by extensive 


sampling; areas of exposed mud were scarce, but 
both these and the moss sites were sampled. 


ALKALINE WATER. 

44. Utah, Grand Co., near Cisco, 30 V 
VI 1958, margin of alkaline stream. The stream was 
about 8 feet wide and shallow, and the nonvegetated 
margins were exposed to direct sunlight. (A) There 
were deposits of white salt above the shore line in 
this area. The margins were soft and sandy, with 
intermingled small debris. A combination pupal and 
laboratory-emergence sample showed moderate breed- 
ing of jamesi and slight of haematopotus, vartipennis, 


and 29 
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crepuscularis, stonei and a n. sp. (B) One-fourth 
mile downstream the margins were sandy but en- 
crusted. A laboratory-emergence sample for 29 VI 
showed moderately heavy breeding: vartipennts. 
SALT WATER. 

45. Colorado, Co., 29 VI 1958, margin of 
West Salt Wash. The water was slightly saline, and 
the sand margins were firmly packed but not en- 
crusted. A pupal sample showed slight breeding: 
jamesi. 

46. Texas, Aransas Co., National Wild- 
life Refuge, Jones and Wirth 22 IV 1956, and Jones 
13 VIII 1956, margin fresh-water slough. On 22 
IV the level of the slightly saline water was high, 
and exposed mud was uncommon. A pupal sample 
showed slight breeding: crepuscularis. On 13 VIII 
this slough was almost dried out, so that only small 
potholes of water remained. A pupal sample for 13 
VIII showed slight breeding: arubae, variipennis. 

47. Texas, Aransas Co., Aransas National Wild- 
life Refuge, San Antonio Bay, Jones and Wirth 22 
IV 1956, and Jones 26 V and 13 VIII 1956, margins 
of salt-water pools. These pools were above the tidal 
flat behind shell ridges and were protected from tidal 
The nonvegetated margins were exposed to 
direct sunlight. Pickleweed was common in the area, 
and the water was highly saline. (A) One pool was 
about 4 by 6 feet and was between the first two 
shell ridges. It had steep sides and contained about 
2 feet of water on 22 IV. The margins were a mix- 
ture of mud and small pieces of shell. On 22 IV a 
pupal sample showed moderate breeding of arubae 
and slight of bermudensis. On 26 V 13 VIII 
slight breeding of arubae occurred. This pool was al- 
most dry on 13 VIII. (B) The other pool was large 
and moderately deep, and was located behind a shell 
ridge that had high, steep sides, except at a point 
towards the bay where they were relatively low and 
gently sloped. An alligator was present on 22 IV. 
On this date the shell margins were clean and no 
breeding was found. By 13 VIII the had 
subsided, exposing extensive, deep banks of putrid 
mud. A laboratory-emergence sample showed heavy 
breeding of arubae and slight of variipennis. 

48. Texas, Aransas Co., Aransas National Wild- 
life Refuge, Jones and Wirth 22 IV 1956, salt-water 
pool on tidal flat. This small pool was well removed 
from the bay and therefore not normally influenced 
by tidal action. Pickleweed common, and the 
water salinity was high. The nonvegetated margins 
were soft mud exposed to direct sunlight. A pupal 
sample showed moderate breeding: variipennis. 

The margins of all other sites sampled on the tidal 
flat, along San Antonio Bay and at Long Lake by 
Avres Bay, were hard, and breeding was not found on 
22 IV, 26-27 V, or 13 VIII 1956. 

49. Texas, Aransas Co., Aransas National Wildlife 
Refuge, inland from Long Lake at Ayres Bay, 27 
V and 13 VIII 1956, overflow area of water tank. 
Shell ridges and pickleweed were absent, and the 
Moderately salty water 


Mesa 


Aransas 


action. 


and 


water 


was 


area was sparsely grassed. 
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was pumped continuously into this tank from a well. 
(A) The overflow area, between the tank and a 
large shallow pool about 20 feet down a moderate 
slope, was intermittently and muddy, the 
latter owing to the frequent passage of cattle. On 
27 V this area was narrow, and a pupal sample 
showed moderate breeding: variipennis. On 13 VIII 
the site was about 6 feet wide, and a laboratory- 
showed moderate breeding of 


grassy 


emergence sample 


vartipennis and arubae, and slight of bermudensis. 
(B) The shallow pool below had fairly grassy mar- 
gins composed of a gray claylike mud. The salinity 


of the water was moderate. A pupal sample on 13 
VIII showed slight breeding: variipennis, arubae, 
bermudensis. A laboratory-emergence sample showed 
slight breeding of stonei in addition to the three 
species above. 

50. Texas, Cameron Co., near Port Isabel, 31 I 
1957, margin of roadside salt-water pool. This pool 
had soft mud margins exposed to direct sunlight, 
vegetation was absent, and the water salinity was 
high. A pupal sample showed slight breeding: arubae. 

51. Utah, Salt Lake Co., Great Salt Lake, 31 V 
1958, seep area along margin of salt-water pool. 
[his small area was exposed to direct sunlight and 
was about 6 feet long. It started at the base of a 
rock on a slight slope above a shallow salt-water 
pool with encrusted sand margins. Vegetation was 
absent, no pollution from animal excrement was evi- 
dent, and the water was highly saline. The margins 
of the seep area were composed of sand and some 
black organic matter. A pupal sample showed slight 
breeding : variipennis. 


Plant Environments 


TREE AND STUMP HOLES.—Unless otherwise indicated, 
all these cavities contained dark-brown water. 
Usually a large amount of debris was present, either 
under water or extending slightly above water level. 

52. Oklahoma, Payne Co., Boomer Lake, 17 X 
1955, elm-tree hole. This was a crotch cavity about 
2 feet above ground. A laboratory-emergence sample 
showed slight breeding: ousairani. 

53. Texas, Kerr Co., Kerrville, L. J. Bottimer 
residence, 14 and 17 V 1957, three oak-tree holes. 
Two were large, deep trunk cavities with large open- 


Description of Habitat 


Oak Small cavity in trunk at ground 
Sugar maple 
broken off 10 feet above ground 


Elm 
feet above ground 
Silver maple 
above ground 
Elm 
feet above ground 
Hackberry 
crotch 7 feet above ground 
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Medium cavity in large central limb 


Large cavity in side of large trunk 9 
Medium cavity at main crotch 8 feet 
Small cavity in side of small trunk 2 


Depression containing water in main 
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ings where the central trunk had broken off about 8 
feet above the ground. Both cavities contained much 
debris and several gallons of water. The third tree 
hole was a trunk cavity in a small tree that had a 
small lateral opening 2 feet above ground. Labora- 
tory-emergence samples showed moderate breeding of 
ousairani and slight of arboricola and nanus. 

This site was previously reported by Wirth and 
Bottimer (1956). They also recovered hinmani (as 
borinqueni) from this site. 

54. Texas, Kerr Co., U.S.D.A. Livestock Insects 
Laberatory, 31 III 1956, oak-tree hole. This small 
cavity was in a 2-inch thick, almost horizontal branch 
where a smaller branch had rotted out. The opening 
was one-half inch in diameter, about 1 foot from the 
bole, and 4 feet above the ground. The cavity was 
narrow, about 6 inches deep, and contained one-fourth 
pint of fluid. A pupal sample showed slight breeding : 
ousairani. 

55. Texas, Kerr Co., U.S.D.A. Livestock Insects 
Laboratory, 17 IV 1957, oak-stump hole. The flat 
stump top was about 18 inches above ground and 
had a large central opening. The cavity extended 
slightly below ground and contained a moderate 
amount of damp debris at the bottom, but did not 
retain water. Laboratory-emergence samples indi- 
cated slight breeding: ousairani, oklahomensis. 

This site was previously reported by Wirth and 
Bottimer (1956) (oklahomensis as arboricola). The 
rearing of oklahomensis separate from arboricola 
further strengthens its position as a distinct species. 

56. Wisconsin, Dane Co., 10 VII 1954, silver 
maple tree hole. This cavity was in a stout horizon- 
tal limb, about 2 feet from the trunk and 8 feet above 
ground. The cavity was large, with a 3-inch open- 
ing in the limb’s upper surface. It harbored a bird’s 
nest, which was responsible for the richness of the 
dark-brown fluid covering it. A laboratory-emergence 
sample indicated the following relative abundance 
and difference between recovery times for the three 
species found: arboricola (7 22,8 64) 20-31 VII; 
guttipennis (2 22) 22 VII; and nanus (26 2 2, 
32 64) 24 VII to 5 VIII. 

57. Wisconsin, Dane Co., collections from various 
tree-hole habitats. Descriptions of habitats, collection 


dates, and number of adults reared are as follows: 


Collection 


Date guttipennis nanus fluket 


1953 
24 IX 
1954 
30 V 
11 VI 
26 VI 
28 VI 


1 VII 
10 VII 
10 VII 
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58. Wisconsin, Washburn Co., 4 VI 1953 to 20 
VI 1954, oak-tree and stump hole. About 
15 root or trunk holes at ground level and one 
stump hole were examined. The stump hole con- 
tained water, and both guttipennis and villosipennis 
were collected. Most of the other cavities contained 
guttipennis and a few had both species, but vil- 
losipennis rarely occurred alone. 


holes 


CACTUS. 

59. Texas, Kerr Co., U.S.D.A. Livestock Insects 
Laboratory, 13-20 IV 1958, rotted portions of prickly 
pear. The first collection was made from a small 
pocket of clear water in the rotted-out portion of 
the main root. Subsequent examination of other 
stands revealed that breeding commonly occurred 
in the lower parts of stems where they had rotted 
at ground level. Most of the rotted sections contained 
a moderate amount of rather viscous, dark-brown 
fluid. Several laboratory-emergence samples yielded 
moderate numbers of jonest. 


Damp Terrestrial Environments 


60. Wisconsin, Washburn Co., two dairy farms, 
13 and 28 VII 1950, large manure piles. Fresh 
manure and used bedding were added frequently, 
and there was considerable fluid at the base of each 
pile. Laboratory-emergence samples were taken at 
about 2 feet above the ground, where it was relatively 
dry and the exposed manure had crusted. Slight 

indicated (one specimen from each 
farm): obsoletus (12, 16). 

61. Wisconsin, Washburn Co., dairy farm, 11 VII 
1952, mound of decomposing cornstalks. This mound 
was about 6 feet in diameter, 2 feet high, and well 
packed. It was exposed to direct sunlight, and good 
drainage was provided by a gentle slope. Collections 
ot the damp material were made about 4 inches under 
the dry surface, as larvae of the genus Forcipomyia 
were commonly noted at this point. Laboratory- 
emergence samples indicated slight breeding: ob- 
soletus. 

Culicoid breeding was not found in a pig pen 
about 40 feet away, although the larvae of the same 
species of Forcipomyia abounded in the damp en- 
vironment of the mixture of manure, corncobs and 
cornstalks. 

62. Wisconsin, Washburn Co., dairy farm, 14 
VII 1953, edge of a low pile of hay. Only larvae, 
pupae, and pupal exuviae were collected: sp. near 
obsoletus. Taxonomically the pupa differs con- 
siderably from the descriptions given for obsoletus 
and chiopterus by Kettle and Lawson (1952) for 
British material. As only adults were recovered for 
sites 60 and 61, a comparison between these ap- 
parently different species was not possible; in both 
these males were recovered and determined 
as obsoletus by their typical genitalia. 


breeding was 


sites 


DISCUSSION 
A species that is normally found in a_ habitat, 
especially a rare species, might be periodically ab- 
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sent for a short time. The presence of only one 
species in a habitat is rare and is usually owing to 
its highly specialized environmental requirements. 
Most species that are suited to similar larval en- 
vironments can be found breeding in 
with each other. The particular species present in 
a habitat depends on the geographical area, but, by 
sampling, the number of species that appears to be 
present in this habitat depends largely on the suit- 
ability of the breeding medium. In one site (26) that 
had an excellent breeding medium, nine 
were found. In other frequently 
indicated small numbers of only one (23, 24) or a 
few (20. Sf 488): environments, 
which are usually greater in area, probably have 
a greatly varied culicoid fauna, and at these sites 
continued sampling should reveal other species. 
Often the presence of additional species is over- 
This is 


association 


species 
sites, sampling 


species Poorer 


looked because one species predominates. 
likely to occur in surveys for one species, when the 
presence of other species in small numbers is not of 
interest (3, 31-34). Had it not been for painstaking 
effort, the presence of the rare species in site 26 
would have been because of the pre- 
dominance of haematopotus and other species. An- 
other example is the collection made from a human 
sewage site at a Texas ranch (Jones 1959). Random 
groups of adults, as they emerged over a 2-week 
period from a laboratory-emergence sample, were 
identified as shown in the following tabulation by 
the numbers of each species collected: 


overlooked 


variipennis 
371 
863 
269 
198 
410 
040 
550 
023 
604 
,044 
196 
817 
830 
549 
1,590 
10,354 


haematopotus 
0 
v 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 


0 
? 


crepuscularis 


— mt et 


N, 
Now 


on On 


th 
S & © 


wm bo 


> 


otal 


Four samples were negative for crepuscularis, and 
two contained 68% of the total number of this species. 
The presence of both crepuscularis and haematopotus 
could have been easily overlooked. 

Very closely related species were found in associa- 
tion in four sites, and in separate habitats once. In 
Wisconsin, piliferus was reared with uwnicolor (43), 
sp. near spinosus with spinosus (26, 28), and wis- 
consinensis with crepuscularis (41). In Texas in 
1957, arboricola and oklahomensis were reared from 
similar habitats about 7 miles apart (53 and 55). 


Relative Abundance of vartipennis, crepuscularis, 
and haematopotus 


These three species are considered together, since 
they are common throughout the United States and 
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are frequently found breeding in association. In 
any certain geographical area, other species are often 
more common (for example, biguttatus and unicolor 
in Wisconsin), but the geographical distribution of 
other species is not as widespread. Of all the species 
in this study, varitpennis was the most common in 
the number of individuals collected and crepuscularis 
in the number of breeding sites found. 

Table 2 gives the number of fresh-water soil habi- 
tats in which each of the three species was found; of 
all the fresh-water sites found positive for breeding, 
only eight were negative for these three. 


Table 2—Number of fresh-water soil habitats where 
each of three common species of Culicoides was found. 


Wis- Other 
Texas consin States Total 
Ae 3 A* BB” A® Be -A* B 


Sites Posi- 
tive for 
3reeding 


10 a“. CODD 


2 35 26 
3 27 21 
3 


Total‘ 36 29 


crepuscularis a 8 
haematopotus ae 4 
1 


variipennis 18 3 ne | 


a Number of sites where at least one specimen was found. 
b Number of sites where 10 or more pupae were collected. 
(If more than one collection was made at a site, at least 
10 pupae had to be collected at one sampling to warrant its 
inclusion in this column. However, the data for all the samplings 
were used to determine the presence of a_ species.) 
Total number of sites that were positive for one or 
of the three species. 


more 


The species variipennis has a high biotic potential, 


variipennis (Wisconsin habitats), and is 
more tolerant of differences in its environment; it 
occurs in dense concentrations in fresh-, salt-, and 
alkaline-water habitats and in sites heavily polluted 
with manure (3, Jones 1959) and exposed to direct 
sunlight (3, 44B, Jones 1959), as well as in smaller 
numbers in shaded or slightly polluted habitats (8, 
9). In general, the other two species are more re- 
stricted, largely because they are less tolerant of 
differences in their environment. Their density was 
slight in alkaline habitats or in those with heavy 
pollution; haematopotus was not found in salt-water 
habitats, and crepuscularis was not present in sites 
with water of high salinity. Although crepuscularis 
breeds as well in sunlit areas as in those that are 
shaded, it apparently has a low biotic potential or 
is not tolerant of crowding, because it was never 
found breeding in high density. Apparently haema- 
topotus breeds more densely in shaded habitats (8, 
11, 26) than in those exposed to direct sunlight. 

In Wisconsin, where fresh-water habitats are the 
rule, crepuscularis is the most common species, fol- 
lowed by haematopotus and then vartipennis. How- 
ever, in some localities where shaded habitats are 
common, /aematopotus may predominate (26), and 
at heavily polluted habitats (4, 5) varitipennis would 


except v. 
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be more abundant. The preponderance of crepuscu- 
laris throughout Wisconsin is further indicated by 
light trap studies. The number of adults collected 
from Dane, Grant, Rusk, and Washburn Counties 
in 1950-1954 are as follows: crepuscularis 1,973, 
haematopotus 172, and vartipennis 42. 

Around Kerrville, Texas, crepuscularis and haema- 
topotus appear to be more abundant than variipennis, 
except at habitats heavily polluted with manure 
(3). It is also likely that variipennis predominates 
at heavily polluted spring-creek sites (13); although 
this species was found at only four sites, the number 
collected was greater than the number of crepuscu- 
laris from 12 sites and that of haematopotus from 
13 sites. Light-trap studies in the vicinity of Kerr- 
ville in 1953-1954 (Wirth and Bottimer 1956) showed 
haematopotus to be predominant, followed by crepus- 
cularis and then waritpennis. 

In the arid portions of the Western States varii- 
pennis seems to be the most abundant, followed by 
crepuscularis and haematopotus. This conclusion is 
indicated by the collection data, together with the 
prevalence of sunlit areas and the common occurrence 
of alkaline-water habitats, both of which are well 
suited for variipennis but not for crepuscularis or 
haematopotus. 


Population Density 


Only five species were found breeding in heavy 
concentrations: variipennis (3, 44B, Jones 1959) in 
Texas and Utah; multipunctatus (7B), hieroglyphi- 
cus (19), arubae (47B) in Texas; and haematopotus 
(26) in Wisconsin. 

A preponderance of one species in light traps is 
often a result of low-density breeding over an ex- 
tensive area. For example, at spring-creek sites in 
Texas (13) haematopotus was not found breeding 
in large numbers, but it predominated in light-trap 
collections. In Wisconsin a similar situation was 
noted with crepuscularis, which abundant in 
light traps, but was not found breeding in heavy 


was 
concentrations. 
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The Occurrence of Acetylcholine in the Nervous Tissue 
of American Cockroaches’ 


SHEN CHIN CHANG anp CLYDE W. KEARNS 


Department of Entomology, University of Illinois, Urbana 


ABSTRACT 


The presence of acetylcholine in the nerve tissue of 
American cockroaches was investigated. The nerve tissue 
was repeatedly extracted with ethanol, and acetylcholine 
was separated by paper chromatography. Acetylcholine 
was demonstrated in the roach nerve tissue both chemi- 
cally and pharmacologically. Acetylcholine is present 


The presence in insect nerve tissue of a sub- 
stance with the pharmacological activity of acetyl- 
choline (ACh) has been demonstrated by various in- 
vestigators (Corteggiani and Serfaty 1931, Mikalonis 
and Brown 1941, Tobias et al. 1946, Fernando 1952, 
Lewis and Smallman 1956, Colhoun, 1958, 1959). 
Other workers have identified ACh from the heads 
of blow flies (Lewis 1953, Lewis and Smallman 1956, 
Fowler and Lewis 1958), honey bees (Augustinsson 
and Grahn 1954), and house flies (Chefurka and 
Smallman 1955, Winteringham and Harrison 1956). 
It remained to be determined if the contractile ac- 
tivity of a substance for the rectus abdominis of the 
frog which is present in insect nerve tissue was 
actually ACh and if it alone should account for all 
this pharmacological activity of extracts of nerve 
tissue. 
MATERIALS AND METHODS 


American cockroaches were exposed to the vapors 
of diethyl-8-chlorovinylphosphate (Shell Oil Co. CS- 
1836) until they became prostrate. It had been 
previously determined that all measurable cholines- 
terase activity in nervous tissue would be abolished, 
hence an accumulation of ACh should occur. The 
brain and ventral nerve cord, including the suboeso- 
phageal ganglion, were removed and freed from 
the fat body, trachae, and extraneous tissues at room 
temperature. The neural tissue was then rinsed with 
distilled water, blotted dry with filter paper, and 
placed in 3 ml. of HCl—acidified 85% ethanol at 0°. 
\ total of 250 cockroaches yielded 1.93 grams of 
nerve tissue. This was in a 
homogenizer, followed by centrifugation and separa- 
tion of the supernaiant fluid. Two milliliters of 
acidified 85% ethanol were added to the 
in the centrifuge tube and allowed to stand over- 
night. The combined extracts were adjusted to pH 
4.0 with 1 nN HCl. After standing at —20° C. for 
15 minutes, a precipitate appeared which was re- 
moved by centrifugation. The supernatant fluid 
was evaporated to dryness under reduced pressure 
at room temperature. The dried residue was ex- 
tracted with 1.5 ml. of acidified 95% ethanol. The 
supernatant fluid was separated by centrifugation 


glass 


homogenized 


residue 


1 Presented at the meeting of the Entomological Society of 
America at Cincinnati, Ohio, December 1955. Accepted for pub- 
lication March 13, 1961. 
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in potentially effective concentration, 41.5 wg per gram 
of nerve tissue and this accounts for all the pharmacologi- 
cal activity of the original nerve extract. In addition 
to acetylcholine, the roach nerve tissue extracted by these 
methods contains choline, tyrosine and _ histidine. 


after chilling, and again evaporated to dryness. This 
process was repeated three times using 1.0 ml., 
0.8 ml., and 0.5 ml. of absolute ethanol successively. 
By using higher concentration and smaller volume 
of ethanol in successive extractions, the final extract, 
thus obtained, was sufficiently freed from extraneous 
materials and gave good resolutions by paper chroma- 
tography. This extract used for the isolation, 
identification and quantitative estimation of ACh in 
nerve tissue of the roach. 

Paper Chromatography.—The introduction of paper 
has made possible the separation 


was 


chromatography 
and identification of various esters of choline present 


small amounts. Two solvent mixtures 
n-butanol :ethanol : 


(Augustinsson and 


in tissues in 
were used, acetic acid :water 
(8 :2:1:3) Grahn 1953) and 
n-propanol :formic acid:water (8:1:1) (Whittaker 
and Wijesundera 1952). Descending chromatograms 
were developed to a total length of about 35 cm. on 
Whatman no. | filter paper. 

For the detection of the esters of choline, iodine 
(Brante 1949), dipicrylamine (Augustinsson and 
Grahn 1953), and hydroxylamine chloride 
(Whittaker and Wijesundera 1952) were used. The 
hydroxylamine ferric chloride method specific 
for carboxylic esters and certain other compounds 
containing an O-acyl linkage ( Hestrin 1949), whereas 
the other two methods are relatively nonspecific. The 
chloride method was _ taken 
(1952) with one modification, 


ferric 


is 


hydroxylamine ferric 
from Whittaker et al. 
namely an ethereal ferric chloride solution, was pre- 
FeCls.6H,0 in 20 
ml. of concentrate hydrochloric acid and gradually 
adding 100 ml. of ether with constant stirring. A 
homogeneous solution was obtained after the mixture 
was kept in the refrigerator for several hours. The 
increase of concentration of ferric chloride and acidity 


pared by dissolving 10 grams of 


enhanced the sensitivity of the test and also aided in 
the formation of a homogeneous solution. Pauly’s 
diazo reagent (Feigl 1954, p. 109) for detection of 
histidine and tyrosine, and ninhydrin for detection 
of free amino acids were also used. 

Pharmacological Assay.—The biological assay was 
carried out according to the classical method 
Chang and Gaddum (1933). The whole 
rectus abdominis of a frog, Rana pipiens, was sus- 
“he 


of 


piece of 


pended in a 5-ml. bath of frog Ringer solution. 
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bath was oxygenated during assay at room tempera- 
ture. Recordings of muscle contraction were made on 
an electric kymograph with a drum speed of ca. 2 
cm. per minute. Magnification was 10-fold and ten- 
sion about 3.5 grams. The preparation was eserinized 
for 20 minutes in the eserinzed Ringer at a concen- 
tration of 3.64 x 10° m (50 yg eserine in 5 ml.) 
before assay of the test solution. The organ bath 
was partially filled with Ringer so that when the 
test solution in Ringer was introduced into the organ 
bath, the final volume was brought to exactly 5 ml. 
The test period was 2 minutes. The fluid in the bath 


was then drained out and the muscle washed with 


SOLVENT 


ACh 10 UG N. EXT ACh 1OUG N.EXT 
Ch 10UG 20UL Ch 10ONG 20UL 
TYR 5G HIST 22UG 


HIST 8G 


1ODINE DIPICRYLAMINE 


Fic. 1.—Descending chromatograms of cockroach nerve tissue extract (N. Ext.) 


pared with reference compounds. 
dipicrylamine, (3) diazo reagent, and 
-butanol-ethanol-acetic acid-water (8:2:1:3 
n-butanol-ethanol-acetic acid-water (8:2:1:3 
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four 5-ml. portions of Ringer and allowed to rest 
for 10 minutes before the next test. If relaxation 
was not complete by the end of 10 minutes, slight 
tension was applied to the lever to expedite the 
process. 
RESULTS 

Separation of ACh from Cockroach Nerve Extract. 
—The partially purified nerve extract, prepared ac- 
cording to the method described above, was chro- 
matographed in amounts ranging from 20 ul to 
25 wl along with reference compounds, using both 


n-butanol and n-propanol solvent systems. Choline 


ACh 20UG N. EXT 
25 UL 


TYR SUG N. EXT 
HIST3 UG 20UL 


HYDROXYLAMINE 


DIAZO REAGENT FERRIC CHLORIDE 


as com- 
iodine, (2) 
Solvent system: 
Rr: acetylcholine chloride 


Run 35 cm.; 


(ACh) 0.42, L-tyrosine (Tyr) 0.36, choline chloride (Ch) 0.33, and histidine (Hist.) 0.11. 
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After de- 
varying 


and ACh were used as their chlorides. 
velopment with different reagents, 
numbers of spots were visible on the chromatograms 
(fig. 1 and fig. 2). 

On exposing the paper chromatogram to iodine 
vapour in a large glass chamber, four brown spots 
appeared. They are referred to as spots 1 to 4 with 
Ry values of 0.43, 0.39, 0.33, and 0.11 in the n-butanol 
solvent system and 0.53, 0.43, 0.40, and 0.10 in the 
n-propanol solvent system respectively. The iodine 
method is very sensitive but is nonspecific and could 
be applied to a wide variety of nitrogenous bases. 
However, when the paper chromatograms were re- 
moved from the iodine atmosphere, the color faded 
and the paper would be treated with another reagent. 

When the chromatograms were sprayed with 
dipicrylamine, spots 1, 3, and 4 showed a brown 
color against a yellow background. Spots 1 and 3 
became pinkish after a few hours. Using the diazo 
reagent, spots 2 and 4 were red and spot 4 covered 
By em- 


color 


a larger area and showed intense red color. 
ploying the hydroxylamine ferric chloride method 


TYR 5 
HI6T 3 


ACh 1OUG NM. EXT 
Ch 1OMe 20iL 
HIST 2246 


1ODINE DIPICRYLAMINE 
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only spot 1 showed a purple color on a yellow back- 
ground, 

From the comparison of Rp values in two solvent 
systems with those of reference compounds and the 
reactions with five color reagents, the spots were 
1, ACh; 2, tyrosine; 3, choline; and 
chromatogram sprayed with 
ninhydrin, there were four additional spots between 
tyrosine and histidine. The histidine spot was blue- 
gray rather than the purple-gray of all the other 
spots. No attempt was made to identify these four 
additional ninhydrin-positive spots, which probably 
represent free amino acids. 

Biological Assay and Quantitative Estimation.— 
In order to confirm the identity of spot 1 as ACh, 
pharmacological assays were carried out. One-fourth 
of the total nerve extract, in 125 ul of ethanol, was 
chromatographed by applying a band about 8 cm. 
wide to the paper. 25 


identified as: 
4, histidine. On the 


On one side of this band, 25 ul 
of the nerve extract was applied as a spot to be used 
as a reference chromatogram to be developed first 
with iodine vapor, then by the hydroxylamine ferric 


TYR SUG WN. EXT 


ACh 20U@ N.EXT 
25 ju WISTS Ue 20,u 


HYDROXYLAMINE 
FERRIC CHLORIO 


NINHYORIN 


Fic. 2—Descending chromatograms of cockroach nerve tissue extract as compared with 
reference compounds. The chromatograms are developed with (1) iodine, (2) dipicrylamine, 


(2) diazo reagent, (4) hydroxylamine ferric chloride, and (5) 


ninhydrin. Solvent system: 


n-propanol-formic acid-water (8:1:1 v/v); Run 35 cm.; Re: ACh 0.53, Tyr 0.43, Ch 0.40, 


and Hist. 0.10. Symbols as in figure 1. 
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chloride method. After development in the n-propanol 
solvent system the chromatogram intended for ex- 
traction was divided into 13 sections (fig. 3A). Each 
section was eluted with 5 ml. of Ringer solution, ex- 
cept section no. 8 for which only 4 ml. of Ringer 
solution was used. The ACh area corresponding to 
spot 1 was in eluate no. 8. Each eluate was assayed 
on the frog muscle. The results showed that only 
eluate no. 8 had pharmacological activity (fig. 3B). 
Furthermore, the activity of eluate no. 8 disappeared 
completely after homogenization and incubation with 


A. PAPER CHROMATOGRAPHIC SEPARATIONS OF NERVE 


(N-PROPANOL SYSTEM) 


HiS Ch. Tyr 


T A438 
ee 8 8 


49VULK3 JAMIN 


LOVULX3 3ANIN 


a7 S21 


NO. OF ELUATE 


ELUATE 
RINGER 5 5 5 


VOL 
ML 
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a single normal cockroach brain for 7 hours at room 
temperature. The original nerve extract, prior to 
paper separation, was also assayed on the frog muscle 
in the following manner to determine whether the 
activity of eluate no. 8 could account for the total 
activity of the nerve extract. An aliquot of 125 ul 
of the original extract was evaporated to dryness. 
The residue was dissolved in 4 ml. of Ringer solu- 
tion, aliquots of which were used directly for bio- 
From comparisons of the muscle contraction 


IIt and VII or IV and VIII in 


assay. 


curves (curves 


EXTRACT 


ACh 


LINOY3S LN3A10S 


4 


B. RESULTS OF BIOASSAY ON FROG RECTUS ABDOMINIS 


ELWATE NO 8 
1 ML 


ELUATE NO 8 
2 ML 


ACh lOwG ACh 5G 


FIG 
System ). 


ELUATE NOS 
imi) ROACH BRAIN 


NEXT N. EXT 
2 ML 1 ML 


ACH S UG 


3A.—The components in the nerve tissue extract were separated by descending chromatography (n-propanol 
The reference chromatogram was developed first with iodine and then with hydroxylamine ferric chloride. 


The four spots between choline and histidine were approximately located with the aid of a separate ninhydrin 


chromatogram. 
on frog muscle. 


2 ml. of eluate No. 8, (IV) 1 ml. of eluate No. 8, (V) 


homogenized and incubated for 7 hours, (VI) 5 wg of ACh. \ é 
dissolved in 4 ml. of Ringer, and used 2 ml. for assay, and (VIII) same as VII but used 1 ml. for assay. 


Each section, noted on the reference chromatogram, was eluted with Ringer solution and assayed 


Fic. 3B.—Contraction curves produced by (1) 10 ug of acetylcholine chloride (ACh), (II) 5 ug of ACh, (IIT) 
1 ml. of eluate 


No. 8 and one normal cockroach brain, 
125 ug nerve extract evaporate to dryness, 


(VII) 
The 


volume of organ bath was brought to 5 ml. with Ringer in each case. 
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fig. 3B), it is evident that the total activity in the 
nerve extract is due to the activity of ACh alone, 
since the total activity of the nerve extract is equal 
to that of ACh isolated from the same amount of 
the nerve extract. The activity of 1 ml, or 4% 
aliquot of eluate no. 8, is approximately equivalent 
to that of 5 wg ACh, and eluate no. 8 contains ACh 
chromatographically separated from 125 pl or %4 
aliquot of total extract of 1.93 grams of cockroach 
The amount of ACh as its chloride was, 
therefore, estimated to be 5x4x4/1.93 or 41.5 yg 
per gram of cockroach nerve tissue. This figure 
probably represents a minimum, because there is 
probably some loss of material during the lengthy 
extraction procedures, and also by hydrolytic break- 
down. 


nerve tissue. 


DISCUSSION 

Trichloroacetic acid (TCA) has been employed to 
deproteinize extracts from nerve tissue in earlier ¢x- 
periments. However, small quantities of TCA were 
always present, even after repeated treatment of the 
extracts with ether. The presence of TCA was in- 
dicated by the fact that all chromatograms developed 
with dipicrylamine were characterized by a large 
bleached area with Ry, value of 0.67, due to a 
decolorization by TCA. Furthermore ACh was not 
confined to the expected area but was also found 
to overlap with this bleached area. Augustinsson and 
Grahn (1954) reported the same effect. This phe- 
nomenon of double spotting due to the presence of 
TCA in extracts of biological materials has also 
been reported for adrenalin (Shephard 1952). 

The Ry values of ACh and choline in both 
n-butanol and n-propanol solvent systems were not 
identical to those reported by Whittaker (1952) 
and Augustinsson (1954), probably because of the 
difference in filter paper used, length of the chromato- 
grams, and other experimental conditions. However, 
the sequence of ACh and choline always maintained 
the same order on the chromatograms. 

Since the total pharmacological activity of the 
nerve extract can be accounted for by ACh separated 
by paper chromatography, it is not surprising that 
none of the other eluates showed any pharmacological 
activity on the frog muscle. This indicates not only 
the quantitative recovery of ACh by elution but also 
the absence of any other cholinesters in the nerve ex- 
tract. If other O-acyl esters of choline were present 
in the nerve extract, they would produce hydroxyl- 
amine ferric chloride-positive spots in addition to 
that of ACh, and the biological activity of the nerve 
extract prior to paper separation would exceed that 
of ACh alone after paper separation (Chang and 
Gaddum 1933, p. 269). The possibility exists, of 
course, that the amounts of such cholinesters were 
below the sensitivity of the hydroxylamine ferric 
chloride test and the frog muscle assay. From the 
study of honey bee heads, Augustinsson et al. (1954) 
concluded that acetyl-@-methylcholine and acetyl- 
thiocholine were not present although two biologically 
active compounds were found in addition to ACh. 
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These two unidentified compounds resemble ACh 
both biologically and chemically and they are be- 
lieved to be new esters of choline. 

The amount of ACh in the cockroach nerve tissue 
was estimated to be 41.5 wg per gram of wet weight 
of nerve tissue. This is in good agreement with the 
figure reported by Fernando (1952), Tobias et al. 
(1946), and Lewis and Smallman (1956), although 
their estimate was based on the results of bioassay 
with either homogenate or extract of roach nerve 
tissues. It should be emphasized that roaches not pre- 
treated with diethyl-@-chlorovinyl phosphate fail to 
yield ACh by the method described. 


REFERENCES CITED 


Augustinsson, K. B., and M. Grahn. 1953. The sep 
aration of choline esters by paper chromatography. 
Acta Chem. Scandinavica 7: 906-12. 

1954. The occurrence of choline esters in the 
bee. Acta Physiol. Scandinavica 32: 174-90. 

Brante, G. 1949. Iodine as a means of development 
in paper chromatography. Nature 163: 

Chang, H. C., and J. H. Gaddum. 1933. 
esters in tissue extracts. Jour. Physiol. 79: 

Chefurka, W., and B. N. Smallman. 1955. Iden 
of the acetyl-choline-like substance in the housefly 
Nature 175: 946-7. 

Colhoun, E. H. 1958. Acetylcholine in 
americana L. I. Acetylcholine levels in 
tissue. Jour. Ins. Physiol. 2: 108-16. 

1959. Acetylcholine in Periplaneta americana L. III. 
Acetylcholine in roaches treated with TEPP and 2, 
2-bis ( p-chloropheny] )-1,1,1-trichloroethane. Canadian 
Jour. Biochem. Physiol. 37: 259-72. 

Corteggiani, E., and A. Serfaty. 1931. 
cholinesterase chez les insectes et les 
Compt. Rend. Soc. Biol. 131: 1124-6. 

Feigl, F. 1954. Spot Tests II. Organic Applications 
4th English edition. New York: Elsevier Publishing 
Co. (p. 109.) 

Fernando, H. E. 1952. The acetylcholine-like substance 
in insect nervous tissue and its role in the toxicity of 
chlorinated hydrocarbon insecticides. Doctoral thesis, 
University of Illinois, Urbana. 

Fowler, K. S., and S. E. Lewis. 1958. The extraction 
of acetylcholine from frozen insect tissue. Jour. 
Physiol. 142: 165--72. 

Hestrin, S. 1949. The reaction of acetylcholine and 
other carboxylic acid derivatives with hydroxylamine, 
and its analytical application. Jour. Biol. Chem. 180: 
249-61. 

Lewis, S. E. 
172: 5. 

Lewis, S. E., and B. N. Smallman. 
tion of acetylcholine in insects. 
241-56. 

Mikalonis, S. J., and R. H. Brown. 1941. Acetylcholine 
and cholinesterase in the insect central nervous 
system. Jour. Cell. and Comp. Physiol. 18: 401-3. 

Shepherd, M. D., and G. B. West. 1952. Effect of 
trichloroacetic acid on adrenaline chromatograms. 
Nature 169: 797. 

Tobias, J. M., J. J. Kollros, and J. Savit. 1946. Acetyl- 
choline and related substances in the cockroach, fly 
and crayfish and the effect of DDT. Jour. Cell. and 
Comp. Physiol. 28: 159-82. 

Whittaker, V. P., and S. Wijesundera. 1952. The 
separation of esters of choline by filter paper chroma- 
tography. Biochem. Jour. 51: 348-57. 

Winteringham, F. P. W., and A. Harrison. 1956. Study 
of anticholinesterase action in insects by a labelled 
pool technique. Nature 178: 81-83. 


noney- 


Per tplaneta 


nervous 


Acetylcholine et 
arachnides. 


1953. Acetylcholine in blowflies. Nature 


1956. The estima- 
Jour. Physiol. 134 





Feeding Behavior and Host Preferences of Some Black Flies (Diptera:Simuliidae ) 
in Wisconsin’ 
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ABSTRACT 


A rapid method for capturing simuliids attracted to and 
feeding on hosts is described. Engorged and nonengorged 
specimens readily entered the trap. The method was 
superior to human visual observation in detecting black 
fly feeding activity on avian hosts. 

The blood-sucking females were divided into two cate- 
gories, those feeding on birds (ornithophilic) and those 
feeding on mammals (mammalophilic). Most avian 
exhibited marked habitat and stratification pref- 
erences. Differences in the number of flies attracted to 
various sizes of simultaneously exposed birds were signifi- 


feeders 


The feeding of certain black flies on man and ani- 
mals is well documented in North America, and the 
literature on simuliid host records has been reviewed 
by Davies and Peterson (1956). Except for a recent 
paper by Bennett (1960), however, host preferences 
and feeding habits of ornithophilic species are not 
well-known, and most have resulted from studies on 
avian blood parasites (Skidmore 1932; Johnson et al. 
1938; Anderson 1956; Fallis et al. 1956; Jones and 
Richey 1956; and Fallis and Bennett 1958). 

The simuliid fauna of Wisconsin is comprised of 
27 described (Anderson and Dicke 1960; 
\nderson 1960), and because some species have been 


species 


reported as vectors in other areas, this study was pri- 
marily concerned with the feeding behavior and host 
preferences of ornithophilic species. Results of con- 
current investigations on certain vector species are 
reported elsewhere (Anderson et al. 1961; and An- 
derson, Trainer and DeFoliart 1961). 


STUDY AREAS 


Hosts were exposed in the northwestern, central 
and southwestern areas of Wisconsin. In 1959, hosts 
were exposed at the Central Wisconsin Conservation 
Area in Juneau County, and the Crex Meadows 
Wildlife Area in Burnett County (northwestern 
Wisconsin). Both areas have been developed for 
attracting and holding breeding populations of mi- 
gratory waterfowl, and the first area also supports 
several flocks of wild turkeys. The habitats consist 
largely of natural and artificially maintained marshes 
with adjacent forested areas composed of mixed 
coniferous-deciduous stands with jack pine, tamarack, 
birch, and aspen predominating. In 1960, a third 
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cant at the 5% level. Except for the ornithophilic species 
occurring in woodland habitats, preferences for mammals 
and birds were (within the habitats studied) generally 
related more closely to host size than to any other apparent 
factor. Engorgement rates were closely related to the 
attractiveness of the hosts. Simulium meridionale Riley 
and Eusimulium aureum (Fries) were vectors of Leuco- 
cytosoon parasites to turkeys, as was S. rugglest N. & M. 
to ducks. Prosimulium magnum D. & S., S. decorum 
Walk., S. Iuggeri N. & M., S. jenningsi Mall., S. venustum 
Say, and S. vittatum Zett. were occasional livestock pests. 


area in the Wisconsin River Valley near Blue River 
(southwestern Wisconsin) was selected. The topog- 
raphy in this unglaciated area consists of hills and 
valleys, and much of the land has been cleared for 
agricultural crops. Farm woodlots consist primarily 
of oak-hickory type hardwoods. 


MATERIALS AND METHODS 


Experimental Hosts.——The following 
small exposed in host 
studies at various times during these investigations: 
domestic white Pekin duckling, Anas boschas; Mal- 
lard, A. platyrynchos; Pintail, A. acuta; Blue-winged 
Teal, A. discors; Wood Duck, Aix sponsa; Redhead, 
Aythya americana; Ring-necked Duck, Ay. collaris ; 
Ring-necked Pheasant, Phasianus colchicus; domes- 
tic bronze turkey poult, Meleagris gallopavo; white 
Leghorn chicken, Gallus domesticus; Common 
Grackle, Quiscalus quiscula; Ring-necked 
Streptopelia risoria; Eastern Gray Squirrel, Sciurus 
carolinensis; Striped Skunk, Mephitis mephitis; 
Eastern Cottontail Rabbit, Sylvilagus floridanus; 
domestic white Rabbit, Orycotolagus cuniculus; and 
White-tailed Deer fawn, Odocoileus virginianus. 

In addition to trapping by methods discussed be- 
low, flies were also aspirated from larger birds such 
as adult turkeys and a tame Sandhill Crane (Grus 
and from large mammals (e.g., cattle 
or horses). Several flies were also collected from 
fresh road-killed birds (e.g., Ruffed Grouse, Bonasa 
umbellus, and a Starling, Sturnus vulgaris). 

Host Confinement.—Birds and small mammals used 
as experimental hosts were confined either in wire 
mammal cages (24 x 12 x 12 inches) or in solid- 
bottom rectangular cages (20 x 16 x 12 inches) with 
l-inch mesh fish netting sides and tops. In 1957, ex- 
posure of wild birds in wire mammal cages proved 
unsatisfactory. In 1959 and 1960, wild birds were 
confined in mesh cages, whereas domestic birds were 
exposed in both types of cages. Caged birds, with the 
exception of pheasants, soon became accustomed to 
the approach of an observer. White muslin hoods 
were necessary on caged pheasants. 


birds and 


preference 


mammals 


were 


Dove, 


canadensis ) 
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Types of Insect Traps Used—The traps used in 
1957 and 1959 consisted of cardboard boxes larger 
than the host cages. Windows were cut in the sides 
and tops of these boxes and covered with cheesecloth. 
A cheesecloth sleeve was attached at each end of a 
box, and a strip of cheesecloth larger than the open 
bottom was attached along one side of the box (fig. 1). 
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except one, which was sealed by a transparent plastic 
window. A sliding panel was inserted in the open 
bottom. This trap was secured on a wooden frame 
around the opening at the top of the blackout box 
by a rubber band stretched over the top of the trap 
and attached to a nail on each side of the frame. 


Insect Trapping Procedure—In 1957 and 1959 


Fic. 1—The 1959 insect traps in position over cages of previously exposed hosts. 


In 1960, cardboard boxes were used as “blackout” 
boxes rather than insect traps (fig. 3). The boxes 
were strengthened with a wooden frame around the 
open bottom, and the only source of light was a 5- 
inch square hole in one of the upper corners. The 
insect trap (fig. 2) consisted of a 6-inch square frame 
covered with cheesecloth at the top and on all sides 


Fic. 2—Close up of insect trap used in capturing flies 
in 1960. Sliding panel at bottom of trap is in the open 
position. 


hosts were exposed for 30 minutes, after which they 
were covered by the insect trap for an equal period of 
time. The trapped black flies flew to the windows 
after the host Traps containing flies 
were quickly lifted clear of the host cage and turned 
upside down so that the cheesecloth strip covered 
Flies 


was covered. 


the opening and prevented flies from escaping 
were collected in aspirators through the sleeves at 
either end of the trap. This enabled one to collect 
flies from a previous exposure period while the birds 
were being re-exposed. The basic trapping method 
is similar to that described by Bennett (1960). 

In 1960 the host-exposure period was shortened 
to 15 minutes because it had been determined in 1959 
that comparable numbers of flies could be collected 
from a host exposed for a 15-minute period as from 
hosts exposed for 30 minutes. After exposure, a host 
cage was covered with a blackout box (fig. 3), and 
the sliding panel at the bottom of the insect trap 
was opened about three-fourths (fig. 2). The flies 
were attracted by the light into the trap. After 15 
minutes the sliding panel was closed and the birds re- 
exposed for another 15-minute period. While birds 
were being exposed, the insect trap containing cap- 
tured flies was removed from the blackout box and 
replaced with an empty one. This allowed hosts to 
be exposed for two 15-minute periods each hour. 
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Fic. 3—Hosts covered by “blackout” boxes after 


\dditional interchangeable insect traps 


lie 


15-minute exposure period. 
“blackout” boxes. Holding 


a 


next to the 


pen in which wild mallards were maintained is visible in background. 


Captured flies were killed by enclosing the trap in- 
side a larger box containing chloroform. Dead flies 
were transferred to 70% alcohol and later identified. 
Birds were also exposed in at different 
heights above the ground (fig. 4) as described by 
Bennett (1960), except that a dual pulley system 
was used to raise both the host cage and its blackout 
box. The blackout box was secured 2 to 4 feet above 
the host, and, after exposure, the bird was covered 
by lowering the blackout box over the cage. The 
bottom of the host cage extended 6 inches beyond 
each side of the cage and prevented light entering 
from below when the blackout box was lowered. 
During all host temperature 
relative humidity were recorded with a sling psychro- 
meter, and wind velocity with an anemometer.’ 
Evaluation of the “Blackout” Method for Captur- 
ing Simuliids—This proved an efficient method for 
obtaining quantitative numbers of black flies from 
Engorged and non- 
encountered, 
a host was 
insects 


cages 


exposures, air and 


simultaneously exposed hosts. 
specimens, of all species 
entered the insect trap after 
covered with blackout box. Other 
mosquitoes and ceratopogonids) were not attracted 
into the traps as readily as simuliids. However, the 
traps’ efficiency in attracting other hematophagous 
Diptera might be increased with a fan or light source 
The expanded 


engorged 
readily 


a (e.g., 


modification for late evening hours. 
bottom on aerial host cages insured against the loss 
of flies as birds exposed in trees were lowered to 
the ground. 

Since the method allowed a host to be exposed for 


% FloRite air velocity meter, model MRF, Bacharach In- 
. Pittsburgh, Pa 


dustrial Instrument C< 


two 15-minute periods per hour, peak periods in feed- 
ing activities could be accurately determined, and 
correlated with daily meteorological data recorded at 
predetermined intervals of the day. 

The actual number of flies attracted to and feeding 
on various hosts was greater than the figures pre- 
sented in the tables because in the larger catches 
(300-700 flies per host per exposure) all flies at- 
tracted to a host did not enter the insect trap, and 
the ducks, chickens, and turkeys consumed a con- 
siderable number of flies. In the larger catches, 
at least 90% of the attracted flies were drawn into 
the traps, whereas in the smaller catches (<300) 
100% were captured. In two of the larger catches 
of S. rugglesi from ducks, only 71 of 740 and 54 of 


Fic. 4—Turkey poult being exposed in tree at Meadow 
Valley, Wisconsin, 1960. 
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582 attracted flies remained inside the blackout boxes. 
Tabular figures represent only flies captured in insect 
traps. 

Experimental Designs and Analyses of Data— 
When four hosts were used, they were arranged at 
the corners of a 10- or 15-foot square. The design 
for six hosts consisted of two rows of three birds, 
each 15 feet apart (fig. 1). In 1959, hosts were placed 
at random and sporadically rotated so that a given 
host did not remain in the same position throughout 
its entire daily exposure. In 1960, each host in the 


design was rotated in clockwise fashion after each 


exposure. This was done in attempts to eliminate 
possible bias caused by environmental factors being 
more favorable in one position than another. 

In 1959, ducks and other hosts were exposed in 
open areas near water at both principal marsh habitat 
study areas, where 51 30-minute group exposures 
were made on nine different days. On several days, 
hosts were continually exposed from 6:00 a.m. (cen- 
tral standard time) until dusk (usually 6:00 to 7:30 
p.m.). Since all except two flies collected in 1959 
were Simulium rugglest N. & M., and because the 
known simuliid fauna of the state is comprised of 27 
species (Anderson and Dicke 1960; Anderson 1960), 
experimental hosts were exposed at ground level in 
two additional habitats and also in trees at elevations 
of 10 to 20 feet above ground in 1960. The tree 
located in the marsh habitat was situated 20 feet from 
the water. 

In the statistical analyses, original data were trans- 
formed to log (X+1), where X represented the 
actual number of flies caught per day or per ex- 
posure period. Except for the 1960 data on S. rug- 
glesi, days were treated as replicates in the analyses 
because there was less variation between days than 
between exposure periods. Since biological factors 
influenced the abundance of host-seeking flies at 
specific times of the day (i.e., feeding activity was 
largely confined to short periods near sunrise and 
sunset), it was felt that individual exposure periods 
throughout the days did not represent true replicates. 
The data analyzed for S. rugglesi in 1960 was based 
on replicate exposure periods during the major eve- 
ning feeding peaks: Comparisons among means were 
tested for significance by Duncan’s multiple range 
test. 


RESULTS AND DISCUSSION OF ORNITHOPHILIC 
SPECIES 

Seven species of black fly females were collected 
Except for an 
unusual circumstance involving Simulinm meridionale 
Riley, none were observed feeding on mammals. 
Although most bird-feeders fed on all avian hosts 
exposed, various species were more attracted to birds 


feeding on various birds (table 1). 


of certain orders than others. 

In July 1957, 10 engorged and 4 nonengorged S. 
rugglesi, and 1 nonengorged S. venustum Say, were 
collected from Wood Ducks during eight 30-minute 
exposures at the Crex Meadows Wildlife Area. No 


flies were collected from Blue-winged Teal. Sea- 
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Table 1—Simuliids found feeding on birds in Wiscon- 
sin, 1957-60. 

Simuliid species Avian hosts 
Domestic bronze turkey*, 
white Leghorn chicken’, 
Ring-necked Pheasant*, 
Mallard*, and Ring-necked 
Dove* 


Domestic turkeys (white and 
bronze  varieties)*, white 
Leghorn chicken, Ring- 
necked Pheasant*, and do- 
mestic white Pekin duck* 


White Leghorn chicken* 


Eusimuliuin aureum 
(Fries ) 


E. johannsent (Hart) 


E. latipes (Meigen) 
Cnephia sp. “T’* Domestic bronze turkey, and 
Redhead 

turkey, 
chicken, 
and 


Domestic bronze 
white Leghorn 
Ring-necked Pheasant, 


Ruffed Grouse 


C. taeniatifrons (End.)* 


bronze turkey*, 
white Leghorn chicken, 
Ring-necked Pheasant*, 
Ring-necked Dove*, Sandhill 
Crane*, domestic white Pe- 
kin duck, Mallard, Redhead*, 
Wood Duck*, Pintail*, Ring- 
necked Duck*, and Buue- 
winged Teal* 


Simulium rugglesi Domestic 


N. & M. 


Domestic turkeys (white and 
bronze varieties), white Leg- 
horn chicken, Ring-necked 
Pheasant*, Ring-necked 
Dove*, Starling*, and (also 
man) * 


S. meridionale Riley 


* Believed to represent first feeding records. 
@ An unidentified species of which only four females are known. 


sonal summaries of simuliids attracted to and feeding 
on various hosts exposed in 1959 and 1960 are 
presented in tables 2 and 3. 

All ornithophilic Simuliidae possessed large bifid 
tarsal claws. Shewell (1955) postulated that this 
type of claw was an adaptation for crawling be- 
neath feathers, and predicted that all species possess- 
ing such claws were probably ornithophilic. 

Since the ornithophilic 
variety of hosts, it appears that various ecological 
factors affecting the ‘immature stages (e.g., types of 
rivers and streams available in various areas) play 
a more dominant role in determining the distribu- 
tion of these species than the presence of a specific 
host species from which the females obtain a blood 
meal. 

Meteorological Factors Affecting Fly Catches.— 
Temperatures below 55° F, 
greater than 5 m.p.h., and darkness suppressed fly 
activity when operating as single factors. Davies 
(1952) reported similar observations for S. venustum, 


species fed on a wide 


wind velocities generally 


a mammalophilic species. 

On several days simuliids were collected feeding 
on birds in wind velocities of 5 to 10 m.p.h. with gusts 
up to 15 and 20 m.p.h. However, on days when the 
prevailing wind was steady at more than 5 m.p.h., 
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Table 2.—Seasonal summary of simuliids attracted to and feeding on various hosts exposed in 


6/19 
(10) 


6/12 
(i>* 


6/13 


Hosts” (8) 
0/0* 
0/1 
2/2 
0/0 
0/0 
0/0 


63/72 
42/46 
29/31 
38/38 
3/4 
2/4 


17/17 
10/20 

19/21 5/5 
6/6 3: 
1/1 2/: 
1/2 


Pekin duckling 
Mallard 
Redhead 
Wood Duck 
B. W. Teal 
Ring-necked Duck 
Pintail 
Ring-necked Dove 
Domestic rabbit 
Cottontail 
Pheasant 

Total 2/3 


20/26 


~ 


0/5 
0/2 


0/0 
30/44 


177/195 54/67 


@ All flies were Simulium rugglesi except where indicated 
> Except for rabbits, each cage contained paired males and 
1 f a species were exposed on 6/12-14, 6/19-21, and 6/ 


ndividuals « 
Number of 30-minute exposures /host. 


4 Number of engorged flies over total number attracted to host. 
e One engorged Eusimulium aureum 


f One nonengorged Simulinm luggeri. 


feeding activity of flies was noticeably suppressed. 
\lso, on windy days, species normally taken in greater 
from aerially hosts were more 
abundant at ground level than in the lower canopy. 

Light intensity appeared more influential than rela- 
tive humidity in stimulating ornithophilic simuliids 
to seek hosts. Little feeding activity was observed be- 
tween 10:00 a.m. and 4:00 p.m. on warm, clear, calm 
days. On these days, a small peak in feeding activity 
usually occurred about an hour after sunrise, but flies 
about sunset. These peaks were 
closely correlated with the peaks in relative humidity 
occurring on such days. On warm, calm, cloudy, 
humid days flies were active in seeking hosts through- 
out the day when the relative humidity remained 
high the entire day. However, light intensity was 
also reduced on these overcast days, and although 


numbers exposed 


were most active 


females 
27-29. 


[ Vol. 54 


marsh habitat, 1959*. 


Date exposed 


6/20 
(10) 


6/21 
(1) 


6/27 


(2) 


6/28 
(8) Total 
22/27° 
14/20 
10/14 


270/380 
143/217 
89/106 
2/4 59/65 
1/1 0/0 7/11 
1/1 2/3 7/14 
4/14 
1/6 
0/3 
0/1 
0/0 
580/817 


13/18 
0/3 
8/9 
1/1 


0/1 
0/1 
1/2 
0/0 


11/18 
8/10 
6/8 
0/1 
3/7 
0/2 
0/1 


1/2 
1/1 
0/0 
0/1! 


28/47 50/69 212/352 


All domestic ducks were mature birds. Different 


except 


the relative humidity fluctuated very little throughout 
the day, a peak in feeding activity was still evident 
in the evening. These peaks occurred earlier on 
cloudy days than on (1952) 
observed that activities of various mammalophilic 
black flies were not greatly influenced by light in- 
tensity except at its extremes, but he found that land- 
ing decreased to one-half and biting to one-quarter 
when a shaded area of human skin was exposed to 
direct sunlight. 

Habitat and Stratification 
species sought their hosts in different habitats and at 
different stratification levels (table 3). Simulinm 
rugglesi was the dominant species occurring in the 
marsh habitat where it fed on a variety of hosts ex- 
aureum was most commonly 


clear days. Davies 


Preferences.—Various 


posed at ground level; E. 
collected in wooded areas where it exhibited a marked 


Table 3.—Seasonal summary of simuliids attracted to and feeding on avian hosts exposed in various habitats, 1960. 


Species tabulated: Stmulium rugglesi, S. 


Cia. T. 


Marsh habitat, 


May 11-June 13 May 


E 


jol 


Pekin duckling 36 
Mallard 16 
Redhead 9 
Pintail 20 
Doved 4 
Turkey poult 28 1993/2188 
Chicken 28 928 
Pheasant 7 3/53 
Grackle@ 0/0 
Pheasant4 
Turkey poult4 25 
7 


Totals ] 


4262 


1535 


4665« 12/15 
2700 0/0 
R09 


107 /240 
> 


981 0/0 2 0 
0/0 / 2 0 


1056 
0/0 


10/11 17 
15/16 105 


57/67 72/88 


143/185 


0/0 


3 9696/11952 


® Number of 15-minute exposure periods 

’ Number of 15-minute exposure periods; first number 
exposures from August 10 to September 29. C. taeniatifrons and 
and S. meridionale only during August and September. 

¢ Number of engorged flies over total number attracted to host. 

4 Exposed in trees at elevations of 10 to 20 feet above ground; 


meridionale, Eusimulium johannseni, E. 


Northern 


242/280 
236/242 
739/794 


represen ‘Ss : n 
2. johannseni were collected only during April and May, E. 


aureum, Cnephia taeniatifrons, and 


Southern woodlot habitat, 
April 29-May 14; 
Aug. 10-Sept. 29 


forest habitat, 
11-June 3 


Cc. E 


taen. joh. 


0/1 0/8 

0/0 

0/0 

75/120 2/ 3 s /1 199/281 
99/204 3 3/6 

4/10 26 / 26 
0/0 


0/0 0/0 
0/0 
0/0 


0/0 
3/4 


0/0 

11/32 

14/18 207/276 
26/36 303/517 


24/32 594/655 
96/111 1497/1838 
121/144 2319/2806 


126/163 
304/501 


parentheses 
aurcum 


exposures from April 29 to May 14, number_in 


other hosts exposed at ground level. 
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aerial stratification; and E. johannseni and S. meri- 
dionale were likewise abundant in wooded areas 
where they too occurred in greater numbers at lower 
canopy levels than at ground levels. 

Statistical Analyses of Host Preference Data— 
Because of the distance to study areas and occasional 
adverse weather conditions on certain days, hosts 
were not exposed for an equal period of time each 
day. They were, however, always exposed simul- 
taneously for an equal period of time on given days. 
Tables 4-8 contain comparisons among the mean 


Table 4.—Daily total of S. rugglesi attracted to ducks 
exposed simultaneously for eight individual 
periods per day in marsh habitat, 1959. 


% total 
catch 
eng. 


Date exposed 


Hosts 


June13 June28 June29_ x/day* 


699 
69.2 


Pekin 
Mallard 
Redhead 
Wood Duck 
Ring-neck 
B. W. Teal 


x/host 


27 214 104 
20 77 48 
14 19 82.1 
4 ; 15 93.1 
3 : : 50.0 


0 60.0 
1] 


wwhn 


> Oe Dh 


w 
w 


a Data transformed to log (X¥+1) for analysis of variance and 
Duncan's multiple range test comparisons. Actual means (rounded 
to nearest whole number) presented in table Means paralleled 

1 1 same line are not significantly different at the 


or underscored by 
5% level An empty control which attracted no flies is 


excluded from the analysis 


cage 


number of flies attracted to various birds. Statistical 
analyses and mean comparisons were confined to 
these data because all hosts were simultaneously ex- 
posed for an identical number of periods on these 
same days. 

Although certain of these ornithophilic species ex- 
hibited host preferences within a given habitat, most 
species fed on a wide variety of birds exposed even 
when presented with a host not normally occurring 
in the specific habitat. Other species were not taken 
in large enough numbers to permit any conclusions 
regarding habitat or host preferences. No flies were 
collected from grackles exposed in either the northern 
forest or southern woodlot habitats. 


Table 5.—Daily total of S. rugglesi attracted to ducks 
exposed simultaneously for eight individual 30-minute 
periods per day in marsh habitat, 1959. 


Date exposed . 
% total 


Catch 
eng. 


Host 
it June June June June June 


3 8p A B BD x/day* 
35 70.5 
14 82.8 
11 92.6 

z 50.0 


Mallard 46 14 20 
Redhead 3l 9 14 
Wood Duck 38 6 4 
B. W. Teal 4 1 0 
x/host 30 & 


—_AT 
_s~T 


m= Go 


he 
w 


transformed to log (X+1) for analysis of variance 
and Duncan’s multiple range test comparison. Actual means 
(rounded to nearest whole number) presented in table. Means 
paralleled or underscored by same line are not significantly dif- 
ferent at the 5% level. An empty control cage which attracted 


no flies is excluded from the analysis. 


a Data 
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30-minute 


3LACK FLIES 


For both E. aureum and S. meridionale there were 
significant differences in the number of flies attracted 
to and feeding on birds exposed in the lower canopy 
level than to birds of the same size and species ex- 
posed at ground level (table 7). There were also 
significant differences in the number of EF. johannseni 
feeding on birds exposed 20 feet above the ground and 
similar birds exposed at ground level, but the dif- 
ferences in the number of flies attracted to turkeys on 
the ground and in the air were not significant (table 
8). 


Table 6.—Daily total of S. rugglesi attracted to birds 
exposed simultaneously for six individual 15-minute 
periods per day in marsh habitat, 1960. 

% total 
catch 


eng. 


Date exposed 


Hosts 


May27 May28 June3_ x/exp.* 


5 = CO 


641 
494 
249 


Pekin 
Turkey 
Chicken 
Pintail 
Turkey” 
x/exp. 


imnsy 


pd pet 


Cm Go 


NOD 
Ce We te te DO Wo 
+ xX 


Wwe win 


51 
13 9] 
10 


ws bo 


@ Data transformed to log (X+1) for analysis of variance 
Duncan's multiple range test comparisons. Actual means (rou 
to nearest whole number) presented in table All means 
cantly different at the 5% level. An empty control 
attracted no flies is excluded from the analysis 

b Exposed in tree at an elevation of 10 feet 
Other hosts exposed at ground level. 


cage which 


above 1 


nal 


Mean comparisons (tables 4-6) and the seasonal 
summary data (tables 2, 3) showed that differences 
in the number of S. rugglesi attracted to various birds 
exposed at ground level were related more closely to 
host size than to any other apparent factor. Although 


other simuliid species were all attracted to and fed 


in greater numbers on the gallinaceous birds ex- 
posed on the ground than on domestic ducklings of 
comparable (table 3), attraction 
among gallinaceous -birds only was, likewise, related 


size or larger 


Table 7—Mean number of flies per day attracted to 
and feeding on birds exposed simultaneously for six 15- 
minute periods per day on eight different days in southern 


woodlot habitat, 1960*. 


Fly Host 
Turkey 


species aa 
ee Pheasant Pheasant” Turkey' 


Simulinm 


meridionale 
total eng. 
total att. 
Eusimulium 
aureunt 
total eng. ; ) 
total att. 0 14 


analyses of 
Actual 


table 


(X+1) for 

comparisons. 
presented in 

significantly different 


transformed to log 
Duncan’s multiple range test 
nearest whole number) 
same lines are not 


® Data in table 3 
variance and 
mean (rounded to 
Means underscored by 
at the 5% level. 

b Exposed in trees at elevation of 20 feet above ground. 
hosts exposed at ground level. 


Other 
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more closely to host size than to any other apparent 
factor (tables 7, 8). 

These observations are simliar to those of Dow 
et al. (1957) and Downe (1960), who found that 
the attraction of certain mosquitoes to various avian 
and mammalian hosts was influenced more by the 
size or surface area of the host than by other factors. 
Fredeen (1961) found the effectiveness of silhouette 
traps, designed for collecting blood-seeking S. arcti- 
cum Mall. females, was directly related to their sur- 
face areas and the area of their undersurface open- 


ings. 


Table 8—Mean* number of flies per day attracted to 
and feeding on birds exposed simultaneously for eight 15- 
minute periods per day on three” and four different days 
in southern woodlot habitat, 1960. 


Host 

Fly 
species Tur- 
key‘ 


Tur- 


key 


Pheas- Pheas- 
ant ant® Chicken 
Cnephia 
tacniatifrons 
total eng. 


total att. 


Eusimulium 
johannsent 
total eng. 4 26 69 


total att. 11 54 92 


transformed to log (X+1) for analyses of 
Duncan’s multiple range test comparisons. Actual 
nearest whole number) presented in table. 


same line are not significantly different at 


a Data in table 3 
variance and 
(rounded to 
Means underscored by 
the 5% level 

b Eusimulium johannseni adults were not 
first exposure in this habitat on 29 April 1960. 
1 in trees at elevation of 20 feet 


c Exposed 
Other hosts exposed at ground level. 


mean 


present during the 


above ground. 


Except for the numbers of S. rugglesi feeding 
on Redheads and Wood Ducks in 1959, the per- 
centages of engorged flies for all other species were 
closely related to the attractiveness of the hosts. 
Most engorged flies of all species fed to repletion. 

Observations on Individual Species—The follow- 
ing discussion is confined to the five most commonly 


collected species. 


Simulium rugglesi N. & M. 


This species feeds on domestic geese and wild and 
domestic ducks (Nicholson and Mickel 1950; Shewell 


Fallis et al. 1956; and Bennett 1960) and is the 
principal vector of L. simondi M. & L. to ducks 
in Canada (Fallis et al. 1956). However, little is 
known of its feeding habits in relation to wild ducks 
and other avian species. Bennett (1960) recorded it 
feeding in small numbers on six birds other than 
ducks in Ontario, Canada, and in the current studies, 
engorged S. rugglesi females were collected from 
all duck species exposed and also on five other birds 
(tables 1-6). 

Simulium rugglesi was not obtained from collec- 
tions in the forest habitat except in one experiment 
involving two 15-minute exposure periods (table 3). 


1955; 
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The hosts were exposed on the ground immediately 
adjacent to the river in which the immature stages 
were found and the numbers of flies attracted to a 
duck, chicken, and turkey, were comparable to those 
attracted when these same hosts were exposed near 
water at the Meadow Valley site. Prior to the dis- 
covery of the immature stages, the developmental 
sites of this important vector species were unknown. 
Adult females sought hosts up to 5 miles from the 
river. 

In Canada, Bennett (1960) reported that S. rug- 
glesi was always most abundant at ground level in 
a narrow zone along the lake shore. Our results 
confirm this observation, as few flies were obtained 
near the water when hosts were exposed 10 feet 
above ground (tables 3, 6). Also, in three different 
experiments, paired domestic ducklings exposed 20 
feet from the shore line attracted an average of 216 
flies per 15-minute exposure, whereas those ex- 
posed 100 feet from the shore line attracted an 
average of only 26 flies. These differences were 
significant at the 5% level. Bennett (1960) re- 
ported even greater numerical differences in similarly 
Birds endemic to the marsh 
rugglesi 


designed experiments. 
habitat serve as the principal hosts of S. 
in nature because of the flies’ marked habitat pref- 
erence. 

Since flies are most abundant at ground level in 
the lake or marsh shore habitat, it would seem that 
females in search of a blood meal are initially at- 
tracted to large bodies of water. Upon reaching the 
general habitat, the search for a host is largely re- 
stricted to a narrow zone along the shore line. In 
observing the seasonal occurrence of various simuliids 
flying over the water on Lake Sasajewun, Ontario, 
Canada, Davies and Peterson (1957) found a trend 
in the occurrence of different species from the center 
of the lake to the shore. Although several species 
were abundant at varying distances from the shore, 
S. rugglesi occurred only over the shore. 

The following experiment indicates that the initial 
attractancy of a bird is influenced by its visibility to 
the insect. A white Pekin duckling (7 weeks old) 
and a mature Mallard hen were exposed 15 feet 
apart in an open area 25 feet from the shore line. 
At the same time, a similar bird of each species was 
hidden in dense vegetation 10 feet from the shore, 
and 15 feet from the other bird of the same species 
(figs. 5, 6). Cages of the two hidden birds were 
further concealed by covering them with cut vegeta- 
tion. 

The results (table 9) show that the visibility of a 
host is an important factor in attracting flies, but that 
it is apparently not the only factor influencing selec- 
tion of a host. The number of flies attracted to 
these four birds were all significantly different at 
the 5% level. There were no significant differences 
among replicate exposure periods. As with visible 
hosts, the number of flies attracted to the concealed 
birds also corresponded to host size, and percentages 
of engorged flies were, likewise, related to the at- 
tractiveness of the hosts. 
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Fic. 5—Experiment in which the black fly attractiveness of an exposed mallard 
hen (far left of picture) and an exposed Pekin duckling was compared with that of 


similar birds hidden in dense vegetation. 
(arrows). 


Although there were no significant differences in 
the number of females attracted to Mallards and Red- 
heads over a 3-day exposure period (table 4), the 
greater precision obtained over a 5-day period (table 
5) showed significant differences in the number of 
attracted to these ducks. Probably, therefore, 
simultaneous host exposures over a greater number 


flies 


Fic. 6.—Close-up view of cages containing camouflaged hosts 


Latter birds are camouflaged in background 


of days might detect significant differences among 
other species of ducks. The data in tables 4-6 show 
significant differences in the flies at- 
tracted to large as opposed to small ducks. 

Surveys of L. simondi in different duck species 


number of 


revealed that where it is prevalent, the incidence of 
infection is always much greater in the larger en- 


(arrows). Cage 


containing hidden Pekin duckling in foreground. 
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demic species such as Mallards or Black Ducks than 
in smaller species such as Wood Ducks or various 
species of teal (Nelson and Gashwiler 1941; O’Meara 
1956; Trainer 1961). At least some individuals of all 
duck species exposed in these studies contracted the 
parasite (Anderson et al. 1961), and Leucocytozoon 
has been reported from 24 species of Anatidae (Le- 
Hanson 1953), but it appears that the 
incidence of infection in different duck species is 
related to vector preference for larger hosts. 


vine and 


rugglesi attracted to domestic 
hidden 


Table 9—Number of S. 
and Mallard ducks when birds were exposed or 
in vegetation’. 


Mallards 


White Pekins 


Exposure 
periods 


Ex- Hid- 


pe sed den 


Ex- Hid- 


pe sed den 


4:30 p.n 65 7 14 

5-5 -00 104 28 
5:30-5:45 80 16 
» 00-6 :15 38 13 
30-6 :45 79 
:)0-7 215 74 


7 7 

7 :30-7 :45 71 
8 8 

T 


ws 


:00 15 63 
‘otal flies” 574 
‘ent engorged 81 


ho WoO 


_ 
SF Ca beet eed eet eet 
” 


onducted in marsh habitat at Meadow Valley, 
1960 
rificantly different at the 5% level. 


replicate exposure 


There 
j 


differences betweer periods 


The greatest number of flies captured in a 15- 
minute exposure period was 669 from a white Pekin 
duckling exposed at 6:00 p.m. on June 3 (table 6). 
Ninety-six percent were engorged. From the 
sonal occurrence of flies attracted to and feeding on 
a domestic duckling exposed for similar periods of 
time on different days (i.e., May 11, 0/0; May 12, 
0/0; May 27, 347/402; May 28, 685/759; June 3, 
2666/2811; and June 13, 466/574) it is evident that 
the host-seeking female population was at or near 
its peak on June 3. 

Almost all flies approached the shaded ventral sur- 
face of the birds, and landed largely at the bases of 
their legs or on their breasts. Davies (1952) ob- 
served that S. venustum females also selected shaded 
surfaces in preference to lighted ones on which to 
land and feed. After landing, the flies quickly 
crawled beneath the feathers and engorged. 

In 1960, S. rugglesi was present at Meadow Valley 
from May 27 through June 13, when studies were 
terminated. It was the only black fly species in- 
criminated as a vector of L. simondi to ducks, and al- 
though infected flies fed on several other hosts ex- 
posed, L. simondi was transmitted only to ducks 
(Anderson et al. 1961). 


sea- 


Cnephia taeniatifrons ( End.) 


Prior to these studies the feeding habits of this 
species were unknown, and other than its ornitho- 
philic behavior (tables 1, 3), little can be reported. It 
was never taken in large numbers, and there was 
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no significant difference in the numbers attracted to 
or feeding on turkey poults exposed at ground level 
and 20 feet above ground (table 8). These flies pre- 
ferred turkeys to either chickens or pheasants. 
Cnephia taeniatifrons was first collected from a 
fresh road-killed Ruffed Grouse in Richland County 
on 23 April 1960. It was rare in the collections 
of May 14 from the southern. woodlot habitat. 
Although the species fed on turkeys exposed in the 
field, it was not collected from any of the brooder 
houses and poultry sheds examined. This behavior 
differed from that of other southern woodlot species 
S. meridionale and E. johannseni) commonly 
Individuals feeding 


(e.g., 
collected in the above shelters. 
on turkeys landed on the back or wings of the bird 
and then crawled beneath the feathers. The females 
are readily attracted to humans in the field, but after 
landing they crawl rapidly about for several seconds 
and then fly away without attempting to feed. 


Eusimulium johannseni (Hart) 

In the Meadow Valley area this species occurred 
more frequently and abundantly in the forest habitat 
than in the marsh habitat (table 3). The flies were 
also abundant in the southern woodlot habitat along 
the Wisconsin River (table 3), where they were 
collected in large numbers (at least 100 per shelter) 
from turkey brooder houses. In both areas, the fe- 
males were collectd up to 5 miles from the rivers 
in which the immature stages occurred. 

The species was attracted to and fed on gallina- 
ceous birds in preference to ducks (table 3). At- 
traction among the gallinaceous birds used appeared 
related to host size as chickens were preferred over 
and turkeys over both chickens and 
pheasants (table 8). Eusimulium johannseni oc- 
curred in greater numbers at the lower canopy level 
than at ground level (table 3), and there were 
significant differences in the number of flies feeding 
on pheasants and turkeys exposed 20 feet above the 
ground than on similar birds exposed at ground level 
(table 8). Engorgement rates on various birds were 
generally correlated with the attractiveness of the 
host. In all habitats the aerially exposed turkey 
poults attracted more flies which had a greater en- 
gorement rate than flies which fed on other hosts 
exposed at ground level. 

In the southern woodlot habitat, brooder house col- 
lections and experimental host exposures showed E. 
johannseni most abundant from May 9 to May 25. 
After June 8, no further specimens were found. Its 
seasonal occurrence at Meadow Valley was similar. 

Six nonengorged females collected at Meadow 
Valley on May 12 lived for 42 days at 46° F. They 
were provided with a dextrose solution in absorbent 
cotton for nourishment. Several engorged females 
from the same collection (not provided with sugar ) 
lived for 24 days at the same temperature. 


pheasants, 


Eusimulium aureum (Fries) 
This species was collected principally in the forest 


type habitat, where it exhibited a marked aerial 
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stratification (tables 3, 7). Bennett (1960) reported 
similar observations, and found it fed on Ruffed 
Grouse in preference to several other birds exposed 
in aerial cages. In Wisconsin, the species fed on five 
of the different avian hosts exposed (tables 1-3). At 
the lower canopy level a significantly greater number 
of flies were attracted to and fed on turkey poults 
than pheasants (table 7). 

Eusimulium aureum is a vector of L. bonasae to 
Ruffed Grouse in Ontario, Canada (Fallis and Ben- 
nett 1958). In Wisconsin it was also incriminated, 
for the first time, as a vector of L. smithi (L. & L.) 
to turkeys. Experimental transmission was accomp- 
lished by triturating five living, nonengorged females 
(captured from an aerially exposed turkey) in physio- 
logical saline and then subcutaneously inoculating the 
suspension into two known parasite-free birds. The 
inoculations were made on 20 August 1960. These 
birds and four controls were then held in screened, 
vector-free rooms. Both birds which received inocu- 
lations of the fly suspension had developed a para- 
sitemia at 3 weeks, postinoculation. All control birds 
remained negative until the experiment ter- 
minated on 15 November 1960. No mortalities oc- 
curred in either group. 

As E. aureum was rarely collected on hosts ex- 
posed at ground level, and since infected flies were 
captured in nature, they may have acquired the 
parasite in a prior blood meal while feeding on in- 
fected turkeys roosting above ground in the evening. 
However, because other hematophagous insects were 


was 


always captured from the same experimental hosts, it 
could not be concluded definitely that natural trans- 
mission by E. aureum was occurring in the field. 


Simulium meridionale Riley 


This was the most common simuliid feeding on 
turkeys and chickens in southwestern Wisconsin. In 
1959, adults were abundant from May through Sep- 
tember, and in 1960, first-generation adults were 
extremely abundant from May 25 to June 10. The 
species readily enters turkey brooder houses and 
poultry shelters, and feeds on birds. In Nebraska, 
Skidmore (1932) found S. meridionale (as S. oc- 
cidentale Townsend) the vector of L. smithi to 
turkeys. Edgar (1953) reported that in Alabama 
attacks of S. meridionale on chickens caused a marked 
decrease in egg production. 

Attempted host preference studies on turkey ranges 
proved unsuccessful because hundreds of range birds 
aggregated about the caged birds. However, when 
exposing hosts in woodlots near turkey ranges, 
gallinaceous birds were preferred over ducks, and 
there were significant differences in the number of 
flies attracted to these closely related gallinaceous 
birds (tables 3, 7). In simultaneous exposures of 
pheasants and turkey poults at ground level and those 
elevated 20 feet above ground, a significantly greater 
number of flies were attracted to and fed on birds 
exposed in the lower canopy than on similar hosts 
exposed at ground level (table 7). In the woodland 
habitat, S. meridionale apparently seeks hosts prin- 
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cipally above the ground. The number of flies at- 
tracted to birds was related more closely to host size 
than any other apparent factor. 

The record of this species feeding on man (table 1) 
occurred under unusual circumstances, in that two 
specimens engorged on the senior author’s forearm 
immediately after he had spent 2 hours collecting in 
a turkey brooder house. At all other times, S. 
meridionale was observed only to fly about humans 
or land and crawl about for only a few seconds. It 
appears likely that the odor accumulated while in the 
brooder house caused this unusual behavior. 

On large turkeys females were commonly observed 
feeding on the unfeathered head and wattles, but the 
trapping methods utilized revealed that the majority 
of flies landed and crawled beneath the feathers to 
feed. On young poults and pheasants, the flies 
usually attacked the feathered body areas in prefer- 
ence to the head. Wounds inflicted by bites on the 
head and wattles bled freely, and many Hippelates 
flies were attracted to and fed on the blood. 

Simulium meridionale is also a vector of L. 
to turkeys in southwestern Wisconsin. In _ experi- 
ments similar to those previously described for E. 
aureum, L. smithi was transmitted to known parasite- 
free turkeys in saline suspensions of two pools of 
10 and 14 nonengorged S. meridionale females. In 
addition, natural field transmission to the exposed 
experimental turkeys occurred on several occasions 
meridionale was the only hematophagous 


smith 


when S. 
insect captured from the birds. Because of its greater 
abundance throughout the year (table 3), S. meri- 
dionale is the principal this protozoan 
parasite in the area. 

When flies were abundant they could easily be seen 
attacking turkeys, but when the host-seeking popu- 
lations were present only in small numbers (usually 
less than one to three per host per hour) human 
reliable in detecting 
This was 


vector of 


visual observation was not 
whether flies were feeding on these hosts. 
determined when flies were captured by the blackout 
trapping method after no flies were seen landing on 
the visually hosts. The occurrence of 
leucocytozoonosis in turkey flocks when visual ob- 
servation failed to detect black fly feeding activity 
(Savage and Isa 1945; Anthony and Richey 1958), 
led these authors to suggest the possibility of vec- 
tors other than simuliids. Other vectors are known 
(Akiba et al. 1959), but because of the above ob- 


servations and since some ornithophilic simuliids feed 


observed 


principally on elevated hosts (i.e., roosting birds), 
transmission of these parasites in the suggested ab- 
sence of black fly vectors in North America may 
require re-examination. 


RESULTS AND DISCUSSION OF MAMMALOPHILIC 
SPECIES 
Females of 10 black fly species were collected feed- 
ing on mammals (table 10). Except for 4 days in 
May 1959 and June 1960 when small mammals (e.g., 
squirrel, rabbit, skunk, and fawn deer) were exposed 
in cages as were the avian hosts, most feeding records 
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Table 10.—Simuliids found feeding on mammals in 


Wisconsin, 1957-60. 


Mammalian hosts 


Simuliid species 


Man, horse, cow, white- 
tailed deer 

Man, horse, cow, sheep* 
Man, horse 
Horse, cow 
Horse, cow, 
deer 

H« rse, COW 
Horse, cow 
Man 

Man, horse, cow, 
tailed deer, sheep* 
Horse, COW 


Prosimulium fuscum S. & D.* 


P. magnum D. & S. 
P. mixtum S. & D.* 
Cnephia mutata ( Mall.) 


Simulium decorum Walk. white-tailed 


S. jenningsi Mall. 

S. luggert N.& M. 

S. tuberosum ( Lundst.) 
S 


. venustum Say white- 


S. vittatum Zett. 


telieved to represent first feeding records. 


for mammalophilic species were obtained by collect- 
ing flies from livestock on farms throughout the State. 
Although mammalophilic species (e.g., P. 
fuscum, P. magnum, P. mixtum, C. mutata, S. de- 
corum, S. venustum, and S. vittatum) 
were commonly attracted to vehicles and humans and 
fed in abundance on various large mammals in the 
same areas where avian hosts were being exposed, 
these flies were not observed feeding on birds and 
were rarely attracted to them. 

When a one-month-old fawn deer was exposed 
with birds in the habitat, it attracted both 
mammalophilic (S$. decorum and S. venustum) and 
ornithophilic (S. rugglesi) species, but only the 
former fed. Throughout May and early June 1960, 
all species in table 10 except P. magnum, S. luggeri, 
and S. tuberosum were always collected feeding either 
on humans or cattle and horses pastured % to 2 
miles from the marsh habitat study area at Meadow 
Valley. 

In the limited simultaneous exposures (21 30- 
minute exposure periods during 4+ days) of small 
mammals (skunk, squirrel, cottontail and domestic 
white rabbit) in 1959, black flies were rarely at- 
tracted. The animals were exposed in the northern, 
central, and southern areas of the State when adult 
simuliids were on the wing and seeking hosts. No 
engorged flies were collected from any of the small 
mammals in any area of the State, although a few 
C. taeniatifrons females were attracted to them. On 
the same days these hosts were exposed, several of 
the mammalophilic simuliids (P. fuscum, P. magnum, 
C. mutata, S. luggeri, S. venustum, and S. vittatum) 
were collected feeding on man or cattle and horses in 
the immediate vicinity. It appears, therefore, that 
large mammals are sought and fed on in preference 
to small animals. 

Observations on Individual Species—The follow- 


many 


jenningsi, S. 


marsh 


ing discussion is confined to the nine most commonly 
collected species. 


Prosimulium fuscum S. & D. and 
P. mixtum S. & D. 


Following Rothfels’ (1956, 1958) 
studies showing that more than one species were 


cytological 
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grouped under the name P. hirtipes (Fries) in North 
America, Syme and Davies (1958) and Davies and 
Syme (1958) separated and named P. fuscum, P. 
mixtum, and P. fontanum on the basis of micro- 
morphological and ecological characteristics, and 
showed that the name P. hirtipes should be restricted 
to a northern European species. Because of these 
systematic changes, previous reports on the feeding 
habits and hosts of P. hirtipes must be considered in 
the broad sense, as they may involve only one or all 
the above segregates. Many other earlier reports 
of these species (as P. hirtipes) feeding on man and 
large animals may not be particularly invalidated 
since at least two of the three species appear to have 
similar feeding habits in Wisconsin (table 10). 

While feeding, the flies generally require at least 
5 minutes to become fully engorged with blood. 
Several P. mixtum required up to 10 minutes to 
engorge on a human forearm. Their bites are usually 
stingingly painful to man and the wounds generally 
bleed freely after the flies have finished feeding. 

3ecause of husbandry practices, these flies are not 
serious pests of livestock in Wisconsin. Although 
some individuals will enter barns and feed on cattle, 
the flies are usually most abundant during late April 
and early May, when most dairy herds are still fed 
and housed in barns. Both species are particularly 
annoying to pulpwood cutters and horses used in 
lumbering, although they probably rely principally 
on deer as their source of blood meals. 


Prosimulium magnum D & S. 


This species was collected feeding on cattle, horses, 
sheep, and man. Because it occurs later in the year 
than other members of the genus, P. magnum is 
usually troublesome to livestock. In 1960, 
it was the principal source of annoyance to pasture- 
grazing dairy herds in Sauk County when it was 
most abundant from May 15 to May 30. 


more 


Cnephia mutata ( Mall.) 


Cnephia mutata was often collected flying about 
and landing on humans, but it fed only on cattle 
and Downe and Morrison (1957) found 
it feeding on the same animal species in Quebec, 
Canada, and Davies and Peterson (1956) observed 
it feeding on White-tailed Deer in Ontario, Canada. 


horses. 


Simulium decorum Valk. 

This species appears to feed principally on large 
mammals other than man, but it has occasionally been 
observed feeding on birds and Peterson 
1956; Bennett 1960). In Wisconsin it was collected 
from horses, cattle, and deer. The species was oc- 
abundant in areas where experimental 
avian hosts were exposed, but it did not feed on man 
or birds. Other reports (Nicholson and Mickel 1950; 
DeFoliart 1951; Hocking and Richards 1952; Sailer 
1953; Davies and Peterson 1956) indicate the species 
will occasionally feed on man. 

During late June and early July 1959, S. decorum 
comprised about half the population of blood-sucking 


( Davies 


casionally 
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flies attacking grazing dairy cattle and horses in 
Wood County, Wisconsin. In several pastures ad- 
jacent to the Yellow River, the combined feeding of 
simuliids, tabanids, and mosquitoes caused the ani- 
mals to leave the pastures in mid-afternoon and move 
toward barnyard buildings for protection. 


Simulium jenningsi Mall. 

S. jenningsi fed only on cattle and horses in Wis- 
consin. However, in Virginia, the species (as S. 
nigroparvum (Twinn)) was reported feeding on 
turkeys (Johnson et al. 1938; and Underhill 1939). 
Johnson et al. (1938) also incriminated it as a vector 
of the blood protozoan, L. smithi, to these birds. 
Since S. jenningsi apparently feeds only on mammals 
in this area, it appears that the species occurring 
here may not be the same as the S. jenningsi re- 
ported feeding on turkeys in the Southern United 
States. Further, Stone (1960) is of the opinion that 
in the Southern States, S. jenningsit currently consists 
of a complex of several species. 

In Wisconsin, swarms of blood-seeking females 
were occasionally annoying to cattle and horses from 
June through August while the animals grazed in 
pastures. Although they did not feed on humans, 
swarms of adults flying about the head and especially 
the face were very annoying, and sometimes caused 
considerable discomfort when they entered the eyes, 
ears, nose or mouth. 


Simulium luggeri N. & M. 

The immature stages of this species are recognized 
easily, but at present, no reliable characters are 
known for separating the adult females from those 
of S. jenningsi. Therefore, host collection records 
from areas where the immature stages of both species 
were known to occur (Anderson and Dicke 1960) 
were usually noted by a S. jenningsi-luggeri designa- 
tion. Fredeen (1958) reported this species feeding 
on cattle and horses in Western Canada. 


Simulium venustum Say 

This species and S. vittatum are the most trouble- 
some black fly pests of cattle and horses on a state- 
wide basis. Simulium venustum fed on these animals 
from May through September, and was also collected 
from man and deer. In Canada, it was reported to 
feed occasionally on birds (Fallis and Bennett 1958; 
Bennett 1960,. Although it was almost always abun- 
dant in areas where experimental avian hosts were 
being exposed, S. venustum did not feed on any of 
the birds exposed in Wisconsin. 

In general, the heaviest concentrations of flies oc- 
cur during early evening hours, but during peak popu- 
lation periods they frequently persist in annoying 
numbers throughout most of the day. For example, 
on 27 May 1960, a tremendous adult population of 
S. venustum was present along the Wisconsin River 
in northern Lincoln County. Hundreds of flies were 
feeding on horses between 9:00 and 11:00 a.m. 
when the sky was overcast, the temperature 61° F., 
the relative humidity 79%, and with a steady easterly 
breeze at 1 to 3 m.p.h. (with gusts to 5 m.p.h.). The 


ANDERSON AND DEFOLIART: FEEDING 


3EHAVIOR OF BLACK FLIES 


farmowner later informed us that these flies were 
abundant throughout the entire day on May 27 and 
28, but that they were abundant only through the 
evening hours of the two following days. Flies 
aspirated by the farmer at various intervals over the 
4-day period were all S. venustum. 

Throughout the 2-hour observation period 
viously mentioned, a greater number of flies fed on 
dark-colored horses than on bays or whites. A 
dark brown Arabian yearling mare was particularly 
attractive. It was estimated that this animal had at 
least 100 to 300 flies feeding on her throughout the 
observation period. The flies fed on almost every part 
of the animal’s body, but they were especially abun- 
dant on the chest, side of the neck, immediately be- 
hind the jaw, and on the inner margins of the legs 
near the body. The horse bled freely from numerous 
bites inflicted in the chest, neck, and leg areas. In 
these areas, the sensitized animal exhibited a marked 
allergic response resulting in the formation of a 
large wheal shortly after each bite. The entire skin 
surface of the chest and neck soon felt “lumpy”. Al- 
though humans, dogs, and cats were always near the 
horses, and many flies landed and crawled about on 
During attacks 


pre- 


humans, only horses were fed on. 


such as these, domestic animals are certainly under 
a great deal of stress, and horses used in the lumber- 
ing industry or for show purposes become almost 


unmanageable. There are numerous reports of S. 
venustum attacking man and other large mammals 


in North America. 


Simulium vittatum Zett. 


This species is one of the most common black fly 
pests of livestock in Wisconsin. The blood-sucking 
adult females are present from May through Septem- 
ber in most sections of the State. Although oc- 
casional individuals may be collected feeding on 
various parts of their hosts’ bodies, S. vittatum is not 
such a general body-feeder as the other species which 
attack livestock. Instead, it is always most numerous 
about the head of its hosts, especially in and about 
the ears. Cattle and horses attacked by S. vittatum 
shake their heads and wiggle their ears in a constant 
effort to evade the flies. Up to 25 flies were collected 
from the ear of a cow; in Utah, Knowlton and Rowe 
(1934) collected more than 200 females from the ear 
of a horse. 

Although S. vittatum has been reported feeding on 
humans in other (Emery 1913; Jobbins- 
Pomeroy 1916; Travis 1949; Rees and Peterson 
1953), it was not collected from man in Wisconsin. 
In Michigan, Wu (1931) also reported that the 
species did not bite humans. In Utah, 
Peterson (1953) observed that S. wvittatum fed on 
humans only at altitudes above 7,000 feet. In general, 
the principal annoyance to humans is caused by per- 
sistant swarms of the flies hovering about the head, 
or striking the face and entering the eyes, ears, 
mouth. Simulium vittatum has commonly 
been reported as a pest of livestock in many sections 
of North America. 


areas 


Rees and 


nose, or 
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Descriptions of Pupae of Thirteen North American Species of Culicoides 
(Diptera: Ceratopogonidae) ' 


ROBERT 


HENRY JONES? 


Livestock Insect Investigations 
Ent. Res. Div., Agric. Res. Serv., U.S.D.A., Kerrville, Texas 


ABSTRACT 


Detailed descriptions are presented, along with a 
partial phylogenetic key based on pupal characteristics 


The pupal stages of 13 North American species of 
Culicoides are this paper. Studies of 
22 other previously described, distinct species availa- 
ble to the author are not completed. It is hoped 
that the present work will eventually lead to a field 
key for the pupae of Culicoides occurring in the 
United States. Live pupae can generally be de- 
termined with such a key, except for those species 
very similar in morphological characteristics and oc- 
type of habitat in the 


described in 


curring in the same same 


gecgraphical area. 
MORPHOLOGY 

For a characterization of the pupae of Culicoides 
above the species level, the reader is referred to the 
work of Wirth and Stone (1956). It should be 
pointed out that our knowledge of the taxonomy 
of immature stages in the family Ceratopogonidae 
(=Heleidae) is as yet fragmentary; one character 
used to Culicoides from other 
genera is not always accurate, since the disc of the 


separate the genus 
operculum of at least one species, Culicoides ousatrani 
Khalaf, is completely devoid of spines. 

The terminology used for the body tubercles fol- 
lows that of Carter et al. (1920), except that the 
dorsomedian (d.m.) tubercle was first used taxonomi- 
cally by Lawson (1951). Since an explanation of 
this chaetotaxic terminology is not readily available, 
the position of the various paired tubercles is given 
Their position is also indicated in plate 1 
A distinct tubercle is present unless 


below. 
(figs. 1 and 2). 
otherwise noted. 


Cephalothoractc Tubercles 


dorsal: five pairs, the fifth represented only by 
a pore; dorsal, as illustrated. 


1 Accepted for publication March 13, 1961. 

2 The author is indebted to W. W. Wirth, R. W. Williams, 
and W. E. Snow for lending their material, which is noted as 
such under the appropriate species description. 


\merican species. 


of North 


‘somedian: one pair near interior 


respiratory trumpet pedicel; tubercle 
parent. 

dorsolateral: one pair laterad of 1 ; 
anterior to base of respiratory trumpet pedicel 

anterodorsal: one pair near margin of ope 
culum just dorsad of its lateral corners, 
slightly posterior of a.m.’s. 

anteromarginal: one pair anteriorly, on oper 
culum laterally, basad of lateral 
trolateral: one pair laterally on ventral 
face; tubercle an inconspicuous hump 

ventromedian: one pair ventrally near 
line; tubercle not apparent. 


corners 


median 
All these tubercles normally bear bristles, which 
are fully described in table 1. The 
(p.d.) tubercle of Carter et al. (1920), defined as a 
small tubercle situated immediately external to the 
postscutellum of the imago, is not used in this paper. 


) 7 
posterodorsal 


Since exuviae were employed and many of these were 
dissected, certain characters such as this one were 


difficult to use. 


Abdominal Tubercles 


dorsal posteromarginal: five pairs on dorsal 
surface near posterior margin of segment. 

lateral posteromarginal : three pairs on lateral 
surface near posterior margin of segment. 

ventral posteromarginal: three pairs on ven- 
tral surface near posterior margin of seg- 
ment. 

dorsal anterosubmarginal: two pairs on dor- 
sal surface, submarginal to anterior mar- 
gin of segment. 

lateral anterosubmarginal : one pair on lateral 
surface, submarginal to anterior margin 
of segment. 


d.p.m. 
l.p.m. 


v.p.m. 


d.a.s.m, 


l.a.s.m. 


The description of the bristles on the abdominal 
tubercles is included in table 1 (except for the 
l.a.s.m., the bristle of which is similar to that of 
l.p.m.’s No. 1 and 3 but somewhat shorter) ; tubercles 
not included are without bristles. The numbering 
of the tubercles of an abdominal segment is in direct 
sequence, starting with the central pair ventrally, 
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proceeding laterally in both directions, and ending 
with the central pair on the dorsal surface (plate 1, 
fig. 1). In most species the usual complement of 
tubercles, as listed above, is present on segments 3-7; 
there is a reduction in the number of tubercles on 
segments 1, 2, and 8, and they are absent on the 
9th, or anal, segment. It is usually apparent from 
any view whether the apices of the /.p.m.’s are 
rounded or ridged, or have lateral margins pro- 
longed into spines. The term “rounded” for the apex 
of a tubercle often includes ridged apices, especially 
(as illustrated with multipunctatus, plate 4) with the 
apices of d.p.m.’s No. 1 and 2, d.a.s.m.’s No. 1 and 2, 


and v.p.m. No. 3. 


METHODS 


Most of the studies were made with pupal exuviae 
associated with the emerged adult. Slide-mounted 
specimens were used exclusively, and usually the 
adult was treated and placed on the same slide with 
its pupal exuvia. Slide preparations were made with 
the use of a 10% solution of potassium hydroxide, 
distilled water, a series of ethyl alcohols up to 100%, 
xylene, and Canada balsam. Exuviae were frequently 
dissected so that pertinent structures would be more 
readily visible. 

The drawings were made with the aid of a 20 x 20- 
square grid micrometer. The total structure was 
drawn on lightly squared paper without correction 
for symmetry. The operculum and anal segment are 
magnified 400 X, and other structures 800 X. Groups 
of tubercles that are illustrated, such as d.a.s.m.’s 
No. 1 and 2 and d.p.m.’s No. 1-5, are arranged in 
correct relation to each other as they occur on the 
specimen. This is frequently not true for the l.p.m. 
tubercles. The armature of all structures (for ex- 
ample, the exact number and arrangement of the 
spines and markings on the operculum disc) is drawn 
exactly from the specimen selected as typical, except 
for the anterior band of spines on the anal segment, 
where the spination is only roughly indicated. The 
spination and markings are not illustrated for the 
area between the d. tubercles; when the spines do 
not extend basad of the lateral corners on the oper- 
culum they are often not indicated beyond the a.m. 
tubercles, and markings are often not drawn beyond 
this point. The shading of the respiratory trumpet in 
the drawings refers to differences in color tone rather 
than to actual coloration. 

All of the specimens listed under “Material Used” 
were employed in obtaining the listed values in table 
3. Material listed as “Additional Material Examined” 
is not included in the tables, except where noted as 
such in table 3. The measurements of a typical fe- 
male specimen are used in table 1 to characterize 
the chaetotaxy of the body tubercles. The measure- 
ment for this typical specimen was partially adjusted 
when it differed considerably from the average for 
both sexes. The exact length of some bristles was 
difficult to determine, since bristles did not 
lie on a horizontal plane and some were so attenuated 
that it was not possible to see exactly where they ter- 


many 
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minated. The characterizations given in table 1 and 
expressed by measurements and the terms for bristle 
thickness (D=delicate, M=medium, S=stout) are 
the considered opinion of the author, and are used in 
conjunction with appropriate illustrations to indicate 
relative lengths and degrees of bristle thickness in- 
stead of employing such terminology as ‘medium 
long and delicate,” “about three-fourths as long as,” 
etc. 

The collection data given under “Material Used” 
lists States with collection-site references, for example 
“Texas (Jones 1961, site 9).” Additional notes on 
these collections appear in a preceding paper (Jones 
1961). 

PUPAL DESCRIPTIONS 


The structure of the following species differs from 
the normal condition in the particulars noted; the re- 
maining species in each category have the normal 
characters, which are indicated below in parentheses. 
In the individual species descriptions the normal con- 
dition is not given. 


sp. near obsoletus: reduction in the number of 
d.p.m.’s. (Five pairs present) 

sp. near obsoletus, tristriatulus, neopulicaris : 
culum armed with unadorned, 
median tubercle distally. (Tubercle absent) 

melleus: a.d. bilobed. (Single lobe ) 

melleus: v.p.m. No. 3 and d.a.s.m. 
bristles having blunt 
with acute apices) 

melleus: posterolateral 
teriorly so that their tips lie in front of pos- 
terior median extremity of segment. (Pointed 
posteriorly so that their tips lie behind pos- 
terior median extremity ) 

melleus: respiratory trumpet with spiracular pro- 
tuberances having more than one opening. 
(One opening per spiracular protuberance ) 

multipunctatus, jamesi, hieroglyphicus: d.l. armed 
with two bristles. (Armed with three bristles) 

multipunctatus, footei, haematopotus, baueri: res- 
piratory trumpet spiracular protuberance 
armed with small spines on anterior margin, 
or with small pointed scale in anterior angle. 
(If protuberance present, not armed) 

jamesi: anal segment with median posterior ex- 
tremity of male having the two apices ter- 
minating bluntly. (Apices conical in male) 
near obsoletus, venustus, multipunctatus : width 
of opercula evenly reduced, abruptly greatly 
reduced, and abruptly slightly reduced, re- 
spectively. (Abruptly moderately reduced im- 
mediately distad of lateral corners) 


oper- 


disc single, 


with 
bristles 


No. 2 
(All 


apices. 


processes directed an- 


Culicoides sp. near obsoletus ( Meig. ) 
(Tables 1-3; plate 1). 


Pale species. RESPIRATORY TRUMPET (fig. 6) pale, 
slightly darker basally; unarmed; slightly narrowed 


centrally, nonconvoluted. Apical spiracular open- 
ings closely grouped across apex; basal openings 


widely separated, evenly spaced, on very weak un- 
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2.—Nomenclature of tubercles (as illustrated for Culicoides guttipennis). 
6.—Culicoides sp. near obsoletus. 


Fic. 1—Abdominal Chaetotaxy 
d.p.m. - dorsal posteromarginal 
lpm. - lateral posteromaraqinal 
v.p.m. - ventral posteromarginal 


d.a.s.m. - dorsal anterosubmarginal 
l.a.sm. - lateral anterosubmarginal 


Fic. 2.—Cephalothoracic Chaetotaxy 
d. - dorsal 
d.m. -dorsomedian (not illus.) vl. - ventrolateral 
dl. - dorsolateral vem. - ventromedian 
a.d. - anterodorsal 
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armed protuberances. OpercuLUM (fig. 4) with a 
normally distinct median tubercle distally that is light 
brown but darker than disc, shallow, and unadorned ; 
width of operculum evenly reduced from lateral cor- 
ners to apex; disc with basal two-thirds densely 
covered with very long bristlelike spines, distal third 
with few small spines, spines not extending basad 
of lateral corners; area between and beyond a.m.’s 
with slight markings. CEPHALOTHORACIC CHAETO- 
TAXY: Tubercles with apices rounded, except a.d. 
(fig. 3) and d.’s No. 1 and 2 each with apex pro- 
longed into 1-2 short stout spines; d.’s No. 1 and 2 
moderately well separated, apex of bristle of No. 1 
attaining tubercle No. 2; area between d.’s devoid 
of distinct markings; d.J. apparently armed with 
three bristles in material studied; v.m. not apparent 
in material studied. ABDOMINAL CHAETOTAXY: Tuber- 
cles each with apex broadly prolonged to single acute 
point (fig. 5, l.p.m.’s); only two d.p.m.’s_ present 
(in two specimens one side of one segment with only 
one d.p.m.); segments with disc bare, with narrow 
anterior band of spines progressively 
stronger on posterior segments. ANAL SEGMENT with 


becoming 


very distinct spines in anterior band, in transverse 
bar on dorsal disc, and in patch along posterior mar- 
gin of basal portion of each posterolateral process. 
Posterolateral processes widely divergent, arcuate, 
tapering to slender apices that are narrowly dark 
brown distally. MATERIAL USED: Wisconsin (Jones 
1961, site 62), pupa (4 22,1 4) and exuvia (1 9, 
2 $4) not associated with adult. No adult flies 
were reared from this site. 

Discussion.—The description above differs con- 
siderably from those for British material, Hill (1947) 
for obsoletus, and Kettle and (1952) for 
obsoletus and chiopterus. Both of these species have 
been reported from the United States. Chaetotaxic 
characters are at considerable variance, and Kettle 
and Lawson report that chiopterus has a nodule dis- 
tally on the operculum and that obsoletus does not 
have this structure. This Wisconsin material was 
originally placed as obsoletus because of the abun- 
dance of this species in the State (shown by light- 
trap collections and two rearings and as determined 
by the typical male genitalia), and because no closely 
related species were collected as judged by the charac- 
ter of the male genitalia. 


Lawson 


Culicoides venustus Hoff. 
(Tables 1-3; plate 2). 

Brown species. RESPIRATORY TRUMPET (fig. 10) 
with apical fourth darker brown; moderately well 
armed with scalelike spines on central half; not 
narrowed centrally, nonconvoluted. Spiracular open- 
ings confined to dorsal row on distal third, this row 
sinuate at and extending entirely through apex ; open- 
ings well separated, no protuberances. OPreRCULUM 


Jones: DESCRIPTIONS OF PUPAE OF Culicoides 33 


(fig. 8) with a distinct median tubercle distally that 
is distinctly darker brown than disc, longer than 
broad, and unadorned; width of operculum abruptly 
greatly reduced immediately distad of lateral corners; 
disc with distinct, small stout spines in short lateral 
row on each side, with abundant markings centrally 
extending broadly basad of lateral corners to beyond 
a.m.’s. CEPHALOTHORACIC CHAETOTAXY: Tubercles 
with apices rounded, except a.m. (fig. 8) and a.d. 
(fig. 7) each with prolonged short 
stout spine and d.’s No. 1-4 each with lateral margins 
prolonged to form two short stout spines; d.’s No. 
1 and 2 moderately well separated, apex of bristle of 
No. 1 almost attaining base of tubercle No. 2; area 
between d.’s with abundant markings that approach 
ABDOMINAL CHAETOTAXY: 


margin into 


blunt spines in character. 
Tubercles with apices rounded, except l.p.m.’s (fig. 
9), l.a.s.m., and d.p.m.’s No. 1 and 2 each with lateral 
margins prolonged into two short, acute spines; seg- 
ments with disc distinctly reticulate, forming distinct 
small spines in anterior band on each segment with 
ANAL 
dorsal 


frequent formation of rows of joined spines. 
SEGMENT with spines in anterior band, in 
V-shaped patch, and with few basally on postero- 
lateral processes. Posterolateral processes moderately 
divergent, slightly arcuate, tapering to slender apices 
that are dark brown on apical third. PREVIOUSLY 
DESCRIBED: Thomsen (1937) New York, illustrates 
respiratory trumpet, operculum, and posterior seg- 
ments of pupa. Lists 18 spiracular openings for distal 
end of respiratory trumpet. MATERIAL Usep: Wis- 
consin (Jones 1961, sites 25, 26) Jones No. 2853 
and 2870, exuvia (1 2,1 ¢) associated with emerged 
adult. 


Culicoides tristriatulus Hoff. 
(Tables 1-3; plate 2). See “Additional Material 
Examined” for qualifications to description. 

Brown species. RESPIRATORY TRUMPET (fig. 11) 
with area of spiracular openings darker brown; well 
armed with scalelike spines on central half (Williams 
reported that there are no scales on trumpet and 
that “. . . the external wall somewhat 
roughened and wrinkled creating an effect of slight 
pseudo-segmentation throughout the center portion 
of the trumpet.’’); not narrowed centrally, noncon- 
voluted. Spiracular openings confined to distal half, 
a dorsal row extending through apex and slightly 
onto ventral margin, this row sinuate at apex; open- 
ings moderately closely associated, no protuberances 
OrpercuLuM (fig. 15) with a distinct median tubercle 
distally that is distinctly darker brown than disc, 
broader than long, and unadorned; disc well covered 
with small- to moderate-sized, typically blunt spines 
and markings, smaller of these extending broadly 
basad of lateral corners to beyond a.m.’s. CEPHALO- 
CHAETOTAXY: Tubercles with 


becomes 


THORACIC apices 


Piate II 


Fics. 7-10.—Culicoides venustus. 


Fics. 11-15.—Culicoides tristriatulus. Fic. 14, disc of abdominal segment. 





[ Voi. 54 


734 ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


d.l. armed with three bristles (Williams reported two 
bristles). ABDOMINAL CHAETOTAXY: Tubercles with 
apices rounded; l.p.m.’s (fig. 13) and l.a.s.m. each 
with apex armed with 2-3 slender spines on each 
side of central bristle; segments with disc distinctly 


rounded, except a.d. (fig. 12) and d.’s No. 1 and 2 
each with a lateral margin prolonged into small 
blunt spine; d.’s No. 1 and 2 well separated, apex of 
bristle of No. 1 not attaining base of tubercle No. 2; 
area between d.’s well covered with small blunt spines ; 


NEOPULICARIS 


MELLEUS 


Pate III 


Fics. 16-18.—Culicoides neopulicaris. 
Fics. 19-25.—Culicoides melleus. Fic. 25, anal segment. 
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reticulate (fig. 14), forming small spines in anterior 
band on each segment. ANAL SEGMENT with spines 
in anterior band, in V-shaped patch on dorsal disc, 
and abundantly on posterolateral processes. Pos- 
terolateral processes moderately divergent, straight, 
tapering to blunt apices that are dark brown on distal 
third. Previousty peEscriBep: Williams (1951) 
Alaska, description, illustrates respiratory trumpet, 
operculum and anal segment of 2 and 4, and d.’s. 
Lists respiratory trumpet spiracular openings: 14-20, 
with 16 occurring most frequently. MatTertaL Usep: 
Alaska (Williams, Valdez, 26 July 1948, collection 
No. 53), Jones No. 3109-10, exuvia (1 9, 1 ¢) 
associated with emerged adult. 

ADDITIONAL MATERIAL EXAMINED: Alaska (Wil- 
liams, Valdez, 5 July 1949), exuvia (3 92,4 64) 
not associated with adult. Less spinose than above. 
Usually respiratory trumpet apparently not armed, 
as evidenced by the smooth exterior margins cen- 
trally ; occasionally definitely apparent that a roughen- 
ing of the central area is due to presence of scalelike 
spines; with 17-19 spiracular openings in eight 
trumpets examined. Apparently spines on respira- 
tory trumpet are visible only with extreme clearing 
of clean specimens. Operculum disc only sparsely 
covered with spines. Anal segment with dorsal disc 
bare in 3 2 2, and with V-shaped patch of spines in 
4264. 


Culicoides neopulicaris \Virth 
(Tables 1-3; plate 3). 

Brown species. RESPIRATORY TRUMPET unicolorous ; 
armed with few distinct scalelike spines on central 
half ; not narrowed centrally, nonconvoluted. Spiracu- 
rOWw 


lar openings confined to distal third, a dorsal 
extending through apex and slightly onto ventral 
margin, this row sinuate at apex ; openings moderately 
closely associated, no OPERCULUM 
(fig. 16) with an indistinct median tubercle distally 
that is broad, very shallow, and unadorned; disc well 
covered with small typically having acute 
apices, smaller of these extending broadly basad of 
lateral corners to beyond a.m.’s. CEPHALOTHORACIC 
CHAETOTAXY: Tubercles with apices rounded, except 
a.d. armed with small stout spine and d.’s No. 1 and 
2 each with lateral margins prolonged into 1-2 short, 
blunt spines; d.’s No. 1 and 2 well separated, apex 
of bristle of No. 1 not attaining base of tubercle 
No. 2; area between d.’s with few indistinct mark- 
ings. ABDOMINAL CHAETOTAXY: Tubercles with 
apices rounded (fig. 17, v.p.m.’s); Lp.m.’s (fig. 18) 
and l.a.s.m. (fig. 18) each with apex armed with 1-4 
slender spines on each side of the central bristle; 
segments with disc indistinctly reticulate, with an- 
terior band of small spines. ANAL SEGMENT with 
spines in anterior band, in V-shaped patch on dorsal 
disc, and abundantly on posterolateral processes. Pos- 
terolateral processes moderately divergent, straight, 
tapering to slender apices that are dark brown on 
distal third. MATERIA 

site 9), Jones No. 3284 and 3342, exuvia (2 22) 
associated with emerged adult. 


protuberances. 


spies 


usED: Texas (Jones 1961, 
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Cullicoides melleus (Coq.) 
(Tables 1-3; plate 3). 

Brown species. RESPIRATORY TRUMPET (fig. 19) 
with central third pale; unarmed; greatly narrowed 
and distinctly convoluted immediately beyond distad 
basal spiracular protuberance. Apical spiracular open- 
ings on distal third, a dorsal row extending through 
apex and slightly onto ventral margin; basal open- 
ings closely associated on large rounded basal pro- 
tuberance, frequently a smaller protuberance present 
with one opening; protuberance unarmed. OPER- 
cuLUM (fig. 22) disc with moderate-sized, slender, 
basally stout, acute spines in row on each side on 
basal half, centrally with few small spines and abun- 
dant markings not extending basad of lateral cor- 
ners; area between a.m.’s bare with distinct mark- 
ings beyond. CEPHALOTHORACIC CHAETOTAXY : Tuber- 
cles with apices rounded; d.’s (fig. 21) No. 1 and 2 
closely associated, No. 3 present as distinct small 
tubercle apparently without bristle in material studied, 
area between d.’s with abundant markings that ap- 
proach blunt spines in character; a.d. (fig. 23) bi- 
lobed; vm. not apparent in material studied. Abs- 
DOMINAL CHAETOTAXY: Normal number of tubercles 
(Wirth reported l.a.s.m. lacking); d.p.m.’s_ with 
normal bristles (Wirth reported d.p.m. No. 5 lack- 
ing bristle) ; tubercles with apices rounded; bristles 
of tubercles unusual in that ordinarily greatly curved 
(fig. 24, l.p.m.’s) and in that bristle of v.p.m. No. 3 
and of d.a.s.m. No. 2 (fig. 20) parallel-sided, ter- 
minating in blunt apices; with disc in- 
distinctly reticulate (Jamnback reported nonreticu- 
late), with anterior band of spines. ANAL SEGMENT 
(fig. 25) with spines only in anterior band, dorsal 
disc and posterolateral processes bare. Posterolateral 
processes directed anteriorly, their apices lying in 
front of median posterior segment ; 
straight, short, tapering to slender apices that are 
dark brown on distal third. PREVIOUSLY DESCRIBED: 
Wirth (1952) Florida, description, illustrates pupa, 
respiratory trumpet, operculum, and anal segment. 
Lists respiratory trumpet spiracular openings: 5 
basal and about 15 apical. Jamnback et al. (1958) 
New York, description, illustrates respiratory trumpet, 
anal segment. Lists respiratory 
trumpet spiracular openings: 4 basal and 16-22 
apical. MATERIAL Florida (Wirth, Palm 
Beach Co., Boynton Beach, August 1951), Jones No. 
3098-3102, pupa (2 64) and exuvia (1 9, 2 6¢) 
not associated with adult. 


segments 


extremity of 


operculum, and 


USED: 


Culicoides multipunctatus Mall. 
(Tables 1-3; plate 4). 

Brown species. RESPIRATORY TRUMPET 
with spiracular protuberances and 
slightly darker, apex narrowly distinctly darker witl 
extreme apex lighter; unarmed; greatly narrowed and 
distinctly convoluted immediately beyond distad basal 

spiracular protuberance. 
closely grouped at apex: 
arated, on very distinct protuberances, anterior mar- 
gin of protuberances armed with 1-2 small acute 


(fiz. 26) 


extreme base 


Apical spiracular openings 
basal openings well sep- 
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spines. OrercuULUM (fig. 27), width slightly reduced 
immediately distad of lateral corners; abun- 
dantly covered with small to moderately large, basally 
stout, acute spines, larger forming lateral 
row on each side, smaller spines extending broadly 
basad of lateral corners to beyond a.m.’s. CEPHALO- 
THORACIC CHAETOTAXY: Tubercles with apices 
rounded, except a.m. (fig. 27) and a.d. (fig. 29) each 
armed with one short spine, and d. No. 1 with lateral 
margins prolonged into two short stout spines; d.’s 
(fig. 31) No. 1 and 2 well separated, bristle of No. 1 
not attaining tubercle No. 2; area between d.’s well 
covered with markings; d.l. (fig. 28) armed with two 
bristles; vem. (fig. 30) with only one bristle. As- 
DOMINAL CHAETOTAXY: Tubercles with apices rounded 
(fig. 32, v.p.m.’s; fig. 34, d.p.m.’s and d.a.s.m.’s), 
except l.p.m.’s (fig. 33) and La.s.m. (fig. 33)- each 


disc 


spines 


with lateral margins prolonged into two stout, dark 
spines ; with disc bare, with an- 
terior band of spines. ANAL SEGMENT with spines 
in anterior band and few spines basally on postero- 
lateral disc bare. Posterolateral 
processes widely divergent, straight, short, tapering 
to slender apices that are dark brown on distal third. 
MATERIAL USED: Oklahoma (Jones 1961, site 37), 
all figures except 28, Jones No. 3536-9, exuvia (2 
22,2 624) associated with emerged adult. Texas 
(Jones 1961, site 13k), Jones No. 3367, exuvia (1 
2) associated with emerged adult; (Wirth, Bandera 
Co., Hwy. No. 16, cypress slough, April 1955, coll. 
No. 61), fig. 28, Jones No. 3094-7, exuvia (3 2 2, 
1 2) associated with emerged adult. 


brown segments 


processes, dorsal 


Culicoides jamesi Fox 
(Tables 1-3; plate 4). 
Brown species. RESPIRATORY TRUMPET (fig. 35) 
with apical fifth darker brown, extreme apex some- 
what lighter, protuberances darker brown; unarmed; 
greatly narrowed and _ distinctly convoluted im- 
mediately beyond distad basal spiracular protuberance. 
Apical spiracular openings closely grouped through 
apex ; basal openings well separated, on very distinct, 
unarmed protuberances. OrrercuLuM (fig. 36) disc 
abundantly covered with small to moderately large, 
stout, more or less acute spines, larger spines con- 
fined more to lateral margins, smaller spines extend- 
ing broadly basad of lateral corners to beyond a.im.’s. 
CEPHALOTHORACIC CHAETOTAXY: Tubercles with 
apices rounded, except a.m. (fig. 36), a.d., and d. No. 
1 each with lateral margins prolonged into 1-2 short 
stout spines; d.’s No. 1 and 2 well separated, bristle 
of No. 1 not attaining tubercle No. 2; area between 
d.’s_ well covered with markings; d.J. apparently 
armed with two bristles in material studied. As- 
DOMINAL CHAETOTAXY: Tubercles with apices 
rounded, except /.p.m.’s where rounded to ridged 
progressively from anterior to posterior segments; 
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segments with disc bare, with anterior band of spines. 
ANAL SEGMENT (fig. 37) with spines in anterior band 
and few posteriorly on posterolateral processes, dorsal 
disc bare. Median posterior extremity of male un- 
usual because apices terminating very bluntly. Pos- 
terolateral widely divergent, 
straight, short, tapering to slender apices that are 
dark brown on distal third. MATERIAL UsED: Colorado 
(Jones 1961, site 15), all figures, Jones No. 3632-3 
and 3638-42, exuvia (3 22,4 ¢¢) associated with 
emerged adult. Utah (Jones 1961, site 14B) 
No. 3664-5, exuvia (1 9, 1 ¢@) 
emerged adult. 


processes moderately 


Jones 


associated with 


Culicoides hieroglyphicus Mall. 
(Tables 1-3; plate 5). 

Brown species. RESPIRATORY TRUMPET (fig. 38) 

with extreme apex slightly darker; unarmed; 

narrowed and distinctly convoluted immediately be- 


Apical 


greatly 


yond distad basal spiracular protuberance. 
spiracular openings closely grouped through apex; 
basal openings well separated, on very distinct, un- 
armed protuberances. OPercULUM (fig. 40) 
abundantly covered with small, stout, acute spines 
with a few larger ones confined more to lateral mar- 
gins, small spines extending moderately basad of 
lateral corners to between a.m.’s, area beyond a.m.’s 
with slight markings. CEPHALOTHORACIC CHAETO- 
TAXY: Tubercles with apices rounded, except a.m. 
(fig. 40) and a.d. each armed with a short stout spine 
and d. No. 1 with lateral margins prolonged into two 
indistinct stout spines; d.’s No. 1 and 2 moderately 
well separated, apex of bristle of No. 1 usually just 
attaining base of tubercle No. 2, 
moderately covered with markings; d.l. 
armed with two bristles. ABDOMINAL CHAETOTAXY: 
Tubercles with apices rounded, except L.p.m.s each 
with lateral margins prolonged into 1-2 stout, some- 
times darkened this condition 
with anterior frequently having 
apices rounded or ridged; segments with disc bare, 
with anterior band of spines. ANAL SEGMENT with 
spines in anterior band and few 


dise 


area between d.’s 


(fig. 39) 


progressive, 
tubercle 


spines, 
segments 


spines basally on 
posterolateral processes, dorsal disc bare. Postero- 
lateral divergent, straight, short, 
tapering to slender apices that are dark brown on 
distal third. MATERIAL UsED: Oklahoma (Jones 1961, 
sites 37, 38), fig. 40, Jones No. 3259-60, 3564, exuvia 
(2 22,1 4) associated with emerged adult. 
(Jones 1961, sites 18, 19), fig. 38 and 39, Jones 
No. 3185-7 and 3565, exuvia (2 22, 2 $4 
sociated with emerged adult. 


processes widely 


Texas 


) as- 


Culicoides footei \VWirth and Jones 
(Tables 1-3; plate 5). 


Pale RESPIRATORY TRUMPET (fig. 41) 
light brown, paler on central third; unarmed, a few 


species. 


PLaTe IV 


Fics. 26-34.—Culicoides multipunctatus. 


Fics. 35-37—Culicoides jamesi. 


Fic. 37, annal segment. 
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specimens with 1-2 spinelike markings; greatly nar- 
rowed and distinctly convoluted immediately beyond 
distad basal spiracular protuberance. Apical spiracu- 
lar openings on distal fifth, a dorsal row extending 
through narrow apex; basal openings well separated, 
on very distinct protuberances, each having anterior 
corner armed with small acute spine, a small pointed 
scale frequently in angle formed by anterior mar- 
gin of protuberance. OrercuLuM (fig. 42) disc with 
few spines in lateral row on each side on distal half, 
these bristlelike in 4 and short and broad in 2; 
area between a.m.’s and beyond bare. CEPHALO- 
THORACIC CHAETOTAXY: Tubercles with apices 
rounded, except a.d. armed with small stout spine 
and d.’s No. 1 and 2 (fig. 44) each with lateral 
margins prolonged into 1-2 short stout spines; d.’s 
No. 1 and 2 very closely associated, area between 
d.’s bare. ABDOMINAL CHAETOTAXY: Tubercles with 
apices rounded, except /.p.m.’s (fig. 43) and L.a.s.m. 
each with lateral margins prolonged into two long 
spines; occasionally v.p.m. No. 3 with one or both 
lateral margins prolonged into a spine; segments 
with disc indistinctly covered with weakly confluent 
small spines, distinctly confluent spines in anterior 
band. ANAL SEGMENT with spines in anterior band, 
in broad V-shaped patch on dorsal disc, and with 
posterolateral processes well armed. Posterolateral 
processes moderately divergent, straight, tapering to 
slender unicolorous pale apices: apices slightly 
darkened in some specimens. MATERIAL USED: Vir- 
ginia (Wirth and Jones, Alexandria, 15 May 1955, 
oak tree hole, paratypes), all figures, Jones No. 3144, 
3146, and 3544-7, exuvia (3 22,3 46 
with emerged adult. Mississippi (Snow, Tishomingo, 
23 March 1957, ooze base red oak) exuvia (1 @ ) 
associated with emerged adult. 


) associated 


Culicoides haematopotus Mall. 
(Tables 1-3; plate 5). 


Brown species. RESPIRATORY TRUMPET (fig. 45) 
with basal portion lighter, central fourth pale; un- 
armed; greatly narrowed and distinctly convoluted 
immediately beyond distad basa! spiracular protuber- 
Apical spiracular openings closely grouped 
across apex; basal openings well separated, on very 
distinct, unarmed protuberances, a small pointed scale 
frequently in angle formed by anterior margin of 
protuberance. OpercuLuM (fig. 46) disc moderately 
well covered with small- to moderate-sized, stout, 
acute spines not extending basad of lateral corners; 
area between a.m.’s and beyond with moderate to 
distinct spinelike markings that may form few 
distinct spines. CEPHALOTHORACIC CHAETOTAXY: 
Tubercles with apices rounded, except a.d. armed 
with small stout spine and d.’s No. 1 and 2 each with 
lateral margins prolonged into 1-2 short stout spines: 
d.’s No. 1 2 very closely associated, area be- 


ance. 


and 2 
tween d.’s moderately well covered with small, spine- 
like markings. ABDOMINAL CHAETOTAXY: Tubercles 
with apices rounded (fig. 47, /.p.m.’s) : segments with 
disc bare to indistinctly reticulate, with anterior band 


of spines. ANAL SEGMENT (fig. 48) with spines in 
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anterior band, in round patch on dorsal disc, and 
few posteriorly on posterolateral processes. Pos- 
terolateral processes moderately divergent, arcuate, 
tapering to slender apices that are dark brown on 
distal third. PreviousLy pEscriBED: Thomsen (1937) 
New York, illustrates respiratory trumpet and oper- 
culum. Lists respiratory trumpet spiracular open- 
ings: 3 basal and 2 apical. MATERIAL USED: Wis- 
consin (Jones 1961, sites 25, 27, 28), fig. 45, 46, 
48, Jones No. 2111 and 2877-8, exuvia (1 2,2 6 ¢) 
associated with emerged adult. Texas (Jones 1961, 
sites 8, 11), fig. 47, Jones No. 3305 and 3329-30, 
exuvia (2 22,1 ¢) associated with emerged adult. 
Oklahoma (Jones 1961, site 37), Jones No. 3716-8, 
exuvia (2 22,1 4) associated with emerged adult. 
Utah (Jones 1961, sites 14B, 444A), Jones No. 3662-3 
and 3681, exuvia (2 22, 1 ¢$) with 
emerged adult. 

ADDITIONAL MATERIAL EXAMINED: Florida (Wirth 
and Keller, Orange Co., Wekiwa Springs, 16 August 
1951), exuvia (1 2) not associated with emerged 
adult. This exuvia haematopotus, al- 
though the following differences are noted. Smaller, 
color lighter brown, less spinose. Respiratory trumpet 
not darkened so extensively, apex narrowly dark; 
both trumpets with five apical and three basal spiracu- 
lar openings. Operculum disc with few uniformly 
medium-sized spines, most of these confined to lateral 


associated 


is possibly 


row on each side; area between and beyond a.m.’s 
bare. Area between d.’s devoid of distinct markings. 
(See table 3.) 


Culicoides furens (Poey) 
(Tables 1-3; plate 6). 

Brown species. RESPIRATORY TRUMPET (fig. 49) 
with central third lighter, or almost unicolorous light 
except slightly darker in area of spiracular pro- 
tuberances; unarmed; greatly narrowed and 
tinctly convoluted immediately beyond distad basal 
spiracular protuberance. Apical spiracular openings 
closely grouped across apex; basal openings well 
separated, on very distinct, unarmed protuberances 
(Fox reported presence of third basal protuberance 
located immediately distad of convolutions), without 
pointed scale in angle formed by anterior margin of 
protuberance. OpeRCULUM (fig. 52) disc moderately 
well armed with moderately long, slender, basally 
stout, acute spines that on margins form lateral row 
on each side, spines not extending basad of lateral 
corners (Wirth 
that extend extensively basad of lateral corners to 
area between and beyond a.m.’s bare 
CEPHALOTHORACIC CHAETO- 


dis- 


illustrates as having small spines 
beyond a.m.’s) ; 
or with slight markings. 
TAXY: Tubercles with apices rounded; d.’s No. 1 
and 2 (fig. 51) moderately well separated, apex of 
bristle of No. 1 attaining tubercle No. 2: 
tween d.’s with slight markings; d./. (fig. 50) armed 
with three bristles. ABpoOMINAL CHAETOTAXY: Nor- 
mal number of tubercles (Wirth reported five 
v.p.m.’s); tubercles with rounded, except 
l.p.m.’s (fig. 53) and /.a.s.m. each with lateral margins 


area be- 


apices 


prolonged into two long spines; segments with disc 
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indistinctly bare, with anterior band of spines. ANAL 
SEGMENT with distinct spines in anterior band and few 
indistinct spines on posterolateral processes, dorsal 
disc bare. Posterolateral processes in poor condition 
in material studied; moderately widely divergent, 
tapering to acute apices that are dark brown on 
distal third. PREVIOUSLY DESCRIBED: Painter (1926) 
Honduras, description, illustrates 2 pupa and 4 
anal segment. Dove et al. (1932) United States, 


illustrates pupa (as dovei). Fox (1942) Puerto Rico, 
description, illustrates respiratory trumpet and anal 


segment. Lists respiratory trumpet spiracular open- 
ings: 3 on protuberances (2 basal) and 4 in apical 
group. Wirth (1952) Florida, description, illus- 
trates respiratory trumpet, operculum, and anal seg- 
ment. Lists respiratory trumpet spiracular openings: 
2 basal and 4 apical. MarTerrtaL vusep: Florida 
(Wirth, Palm Beach Co., Boynton Beach, 7 August 
1951, ditch in mangrove), Jones No. 3103-5, exuvia 
(1 2,2 $4) associated with emerged adult. 


Culicoides baueri Hoff. 
(Tables 1-3; plate 6). 


Brown species. RESPIRATORY TRUMPET (fig. 54) 
lighter centrally with apex narrowly darker; un- 
armed; greatly narrowed and distinctly convoluted 
immediately beyond distad spiracular pro- 
tuberance. Apical spiracular openings closely grouped 
through apex; basal openings well separated, on very 
distinct protuberances having anterior margin armed 
with 0-2 small acute spines or with small pointed 
anterior margin of pro- 
disc moderately 


basal 


scale in angle formed by 
tuberance. OPpeRCULUM (fig. 
well covered with long, slender, basally stout, acute 
spines that on margins form lateral row on each 
side and at most extend slightly basad of lateral cor- 
ners, and well covered with small spines that are 
sparse laterally and extend broadly basad of lateral 
corners to beyond a.m.’s. CEPHALOTHORACIC CHAETO- 
TAXY: Tubercles with apices rounded, except a.d. 
(fig. 56) armed with small, stout spine and d.’s 
No. 1 and 2 d@ach with lateral margins prolonged into 
1-2 short, stout spines; d.’s No. 1 and 2 moderately 
well separated, apex of bristle of No. 1 attaining 
tubercle No. 2; area between d.’s well covered with 
distinct markings. ABDOMINAL CHAETOTAXY: Tuber- 
cles with apices rounded (fig. 57, l.p.m.’s) ; segments 
with disc having few small spines, with anterior 
band of spines. ANAL SEGMENT with spines in an- 
terior band, in V-shaped patch on dorsal disc, and 
few basally on posterolateral Postero- 
lateral processes moderately slightly 
arcuate, tapering to slender apices that are dark 
brown on distal half. MATERIAL USED: Texas (Jones 
1961, sites 11, 13g), Jones No. 3176-8, 3548-51, 


fe 2s. 5.82 with emerged 


55) 


processes. 
divergent, 


exuvia associated 
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adult; (Wirth, Kerr Co., Henke’s Pond, April 1955), 
Jones No. 3085, exuvia (1 ¢) associated with 
emerged adult. 


Culicoides stonei James 
(Tables 1-3; plate 6). See “Additional Material 
Examined” for qualifications to description. 
Brown species. RESPIRATORY TRUMPET (fig. 58) 
pale on central third; unarmed; greatly narrowed and 
distinctly convoluted immediately beyond distad basal 
Apical spiracular openings 


spiracular protuberance. 
basal openings well 


closely grouped through apex; 
separated, on very distinct, unarmed protuberances. 
OpEerRCULUM (fig. 59) disc moderately covered with 
moderate-sized, slender, basally stout, acute spines 
that on margins form lateral row on each side, spines 
at most extending slightly basad of lateral corners; 
area between and beyond a.m.’s with moderate mark- 
ings. CEPHALOTHORACIC CHAETOTAXY: Tubercles 
with apices rounded, except a.d. armed with small, 
stout spine; d.’s No. 1 and 2 moderately well sep- 
arated, bristle of No. 1 barely attaining tubercle 
No. 2; area between d.’s moderately covered with 
slight markings. ABDOMINAL CHAETOTAXY: Tuber- 
cles with apices rounded; segments with disc bare, 
with anterior band of spines. ANAL SEGMENT with 
spines in anterior band and few basally on postero- 
lateral processes, dorsal bare. Posterolateral 
processes moderately widely divergent, straight, 
short, tapering to slender apices that are dark brown 
on distal third. MATERIAL USED: Texas (Jones 1961, 
site 49B), Jones No. 3357-8 and 3366, exuvia (1 

2 $4) associated with emerged adult. 

ADDITIONAL MATERIAL EXAMINED: Utah (Jones 
1961, site 44A), Jones No. 3678-9 and 3690, exuvia 
(1 2,1 4) associated with emerged adult, and exuvia 
(1 2) not associated with adult. Respiratory trumpet 
in three of six with a subapical spiracular 
protuberance, with total of 7-10 spiracular openings, 
all six trumpets with two basal openings. Operculum 
with long spines on disc. Chaetotaxy conformant, 
except some bristles longer. (See table 3.) Adult 
taxonomy compares well with that of specimens from 
Texas, although some minor differences are apparent. 
PARTIAL PHYLOGENETIC KEY TO PUPAE OF 
NORTH AMERICAN SPECIES OF CULICOIDES 
i Operculum (fig. 4) disc armed with greatly 

elongated bristlelike spines, these distinctly 
greater in length than one-fourth the distance 
between lateral corners of the operculum: 
with reduction in number of abdominal 
tubercles; /.p.m.’s (fig. 5) each with apex 
broadly prolonged to single acute point. 
SUBGENUS Avaritia. 
sp. near obsoletus ( Meig.) 
Operculum disc armed with various spines, 
these distinctly less in length than one-fifth 
the distance between lateral corners of the 
operculum; with normal number of  ab- 


disc 


cases 


PLaTE VI 


49-53—Culicoides furens. 


54-57.— Culicoides 


bauert. 


58-59—Culicoides stonet. 
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deminal tubercles; /.p.m.’s each with apex 
rounded, ridged, or variously armed with 
one or more spines on each side of central 
bristle 

Operculum (fig. 8, 15, 16) disc armed with 
single, unadorned, median tubercle distally, 
darker than disc color (this tubercle also 
occurring in sp. near obsoletus above) 

Operculum disc without this tubercle (in arubae 
and jonesi with a tubercular swelling dis- 
tally, adorned with normal vestiture of disc) 


Operculum disc with distinct spines confined 
to lateral row on each side, distal tubercle 
longer than broad; I.p.m.’s (fig. 9) each 
with lateral margins prolonged into two 
acute spines, one on each side of central 
bristle. SuBGENUS Hoffmania__venustus Hoff. 

Operculum disc with distinct spines abundant 
centrally in addition to those laterally, distal 
tubercle broader than long; /.p.m.’s (fig. 13, 
18) each with apex rounded and armed with 
2-4 slender spines on each side of central 
bristle. SuBGENUS Culicoides 4 

Operculum disc with strong distal tubercle; 
respiratory trumpet with 20-23 spiracular 
openings tristriatulus Hoff. 

Operculum distal tubercle; 
respiratory 12-13 spiracular 
openings neopulicaris Wirth 


weak 
with 


disc with 
trumpet 


Respiratory trumpet with central portion dis- 
tinctly convoluted and narrower than rest of 
trumpet, surface of trumpet unarmed (some 
specimens of footet have 1-2 spinelike mark- 


ings ) 

Respiratory trumpet without central portion 
narrower and distinctly convoluted, surface 
of trumpet armed with spines (except cani- 
thorax ) 

Operculum with median tubercular swelling 
distally, armed with normal vestiture of disc 7 

Operculum without median tubercular swelling 
distally 

Operculum disc densely covered with medium- 
sized, broad, short spines ; /.p.m.’s with apices 
prolonged into spines 

jonesi WWirth and Hubert 

Operculum disc densely covered with small 
spines and moderately covered with long, 
basally stout, bristlelike spines; 1.p.m.’s with 
apices rounded arubae Fox and Hoffman 

Anal segment (fig. 25) with posterolateral 
processes directed anteriorly, their apices 
lying in front of median posterior extremity 
of segment; respiratory trumpet (fig. 19) 

spiracular openings closely as- 

usually on one large pro- 

No. 2 (fig. 20) and 
bristle parallel-sided, 
blunt apex melleus (Coq.) 

Anal segment (fig. 48, haematopotus) with 
posterolateral processes directed posteriorly, 
their apices lying behind median posterior 
extremity of segment; respiratory trumpet 
with basal spiracular openings separated, one 
spiracular opening per protuberance; all 
tubercles with bristles tapering evenly to 
acute apices 

The dl. (fig. 28, 39) armed with two bristles ; 
a.m. with short bristle, ratio of distance be- 
tween lateral corners / length of a.m. bristle 
equal to 3.4-5.4. SupGENusS Selfia 10 

The dJ. (fig. 50) armed with three bristles; 
a.m. with longer bristle, ratio of distance 
between lateral corners / length of a.m. 
bristle equal to 1.8-3.5 (except 3.6-4.4 for 
stonei). SUBGENUS Occacta, including stonei 12 


16 


8 


&.(60) 


basal 
sociated and 
tuberance; d.a.s.m. 
v.pm. No. 3. with 


with 


9.(8) 
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The v.m. with only one bristle present ; respira- 
tory trumpet usually with four basal spiracu- 
lar openings, their protuberances armed with 
1-2 small spines on anterior margin 

multipunctatus Mall. 

The v.m. with two bristles present; respira- 
tory trumpet with 2-3 basal spiracular open- 
ings, their protuberances rounded, not armed 


11 


10.(9) 


The J[.p.m.’s with apices rounded to ridged, 
lateral margins not prolonged into spines; 
anal segment modified in male (fig. 37), 
apices of median extremity terminating very 
broadly jamesi Fox 
“he l.p.m.’s, at least posteriorly, with lateral 
margins prolonged into distinct spines; anal 
segment in male normal (fig. 48, haematopo- 
tus), apices of median extremity conical 

hieroglyphicus M: 

The d.’s (fig. 44) with No. 1 and 2 closely 
associated, apex of bristle of No. 1 extending 
well past base of bristle of No. 2 
The d.’s (fig. 51) with No. 1 and 2 well 
separated, apex of bristle of No. 1 at most 
barely attaining base of bristle of No. 2 

The Lp.m.’s with apices prolonged into dis- 
tinct spines; operculum disc bare, with few 
small spines along each lateral margin 

footei Wirth and Jones 

The 1.p.m.’s with apices rounded; operculum 
disc moderately well covered with distinct 
spines haematopotus Mall. 

The /.p.m.’s with lateral margins prolonged 
into distinct spines furens (Poey) 

The /.p.m.’s with apices rounded 15 

Anal segment with V-shaped patch of spines 
on dorsal disc; operculum (fig. 55) disc well 
covered both with large elongate and small 
spines, with small spines extending well 
basad of lateral corners to beyond a.m.’s 

baueri Hoff. 

Anal segment bare on dorsal disc; operculum 
(fig. 59) disc well covered with large spines, 
small spines absent, area between and _be- 
yond a.m.’s devoid of spines stonei James 


11.(10) 


Respiratory trumpet unarmed; a.d. with two 
bristles of equal length canithorax Hoff. 
Respiratory trumpet armed with spines; a.d. 
with two bristles of unequal length, the 
shorter one-half or less the length of longer 
17 
hermudensts Williams, crepuscularis Mall., wis- 
consinensis Jones, travisi Vargas, biguttatus 
(Coq.), spiosus R. and H., stellifer (Coq.), 
(Coqg.) (of Jones, Wisconsin), pili- 
ferus R. and H. (of Jones, Wisconsin), 
vartipennis (Coq.), arboricola R. and H., 
oklahomensis Khalaf, villosipennis R. and H., 
guttipennis (Coq.), cavaticus Wirth and Jones, 
nanus R. and H., hinmani Khalaf, fluket Jones, 
ousairant Khalaf. 


16.(5) 


unicolor 


DISCUSSION 


The key is arranged so that distinct subgenera are 
keyed out first when a definite character is available 
for this purpose. In making species associations, 
features of the respiratory trumpet, and less often 
of the operculum, appear to be the most valuable 
characters. 

The examination of small groups of species that are 
clearly closely related on the basis of adult charac- 
teristics shows that they also have several pupal 
characteristics in Within these small 
groups, unusual common characters occur that defi- 


common. 





jour 
24NOSqgo 
S Sty} JO Ap 


| aq Aljisea & st yy 

apisiaq B aos *¢ “ON “m'd'p 3¢ SI9VAUOD B ‘ ajoyM 4sa4 
Ob 02 Le ol Ol 
eS Of bZ Saale 
rS Ol co vI 2 
vr Ol 61 ?@ 
89 $2 Le 4¢ LE 
9¢ 82 It 1 
Ob LZ 6l L2 
Iv 61 br 9I 02 
Tt. Cd S : > 3 


mM OW 
ae 


vw 


tb 

872 

9¢ 1 

GZ snyppIundiyjnia 
ad 


Oo 
AAC 


nw 


~OnNNW 


— oy C 


OF = ce 9F 
d Y IN AW 


wn 
rT 


te <b S0))IUt 
ad SW 


99 Lz tr ’ Le 72 StapIyngoou 


an dan 5 5 WS \ \ ( IN 


3 
2 
3 
G 
a 
oO 
= 
~ 
_ 
— 
= 
o 
n 
Zz 
o 
= 
* 
= 
= 
Oo 
n 
tl 
Co 
— 


O8 OS OF 


W d 


££ 9b 
aw aw 


Zr ol 
a, Ag 


d 


fe | a 
ad Cd 


q pul “pul 


Wo 


Tor 
S 


$7 
ad 


02 
W 


ce 
( 


ct 


BE 
S 


ZI 


S 


vl 


[NDIAIS1A] 


SUISHMC 2 


aq wW 


I el 


“Uu'e ‘pe ' “u's ‘urd'p Turd] saivadc 
‘ep 
*pazyeAYSN][E St aps1aqn} oy} yey sazeotpur addy AABaYy UT JUDIUOINse *SUOTIRY 
-Sny[t YyM uo oUuNfuod UT pasn aq OF ‘sUOIDIUI UL YYBUeT aP}SIIq 4J9AO (4NOYS-G ‘WINIpau-p_ ‘aye SSOUMIIYY 
aPsuq YUM soajpoIteqny dIB1OYOTBVYdad pue (‘M's'D') 3dadx0 ) jeuluiopge JO Sapystiq JO UONPRZIIopP. : ‘T 9198] 





744 ANNALS CF TIE ENTOMOLOGICAL SCCIETY CF AMERICA [ Vol. 54 


lable 2—Frequency of occurrence of spiracular openings (number of openings over number of occurrences). 


Species 3asal Apical Total 


N 
N 


tristriatulus 


] . 
melleus 


- N 
wre) OS tr 


venustus 
neopulicaris 


james 

footei 

baueri 

purens 
haematopotus 
hieroglyphicus 
multipunctatus 

sp. near obsoletus 


oe 
bv 
West OS bo 


WD Ww 
NN w hee 
Wr WO oe 


Stone 


nitely establish this close relationship—neopulicaris- 
tristriatulus with l.p.m.’s having rounded apices armed 
with slender spines on each side of the central 
bristle, mtultipunctatus-jamesi-hieroglyphicus with 
dj.’s armed with only two bristles, and _footei- 


haematopotus with d.s No. 1 and 2 closely approxi- 
mated. 

The relationships of the other species covered in 
detail are not so clear. Table 4 gives some of the 
important adult characters for the groups of species 


Table 3-—Measurements and ratios for respiratory trumpet and operculum (values given as “average (minimum- 
maximum ) /number of measurements” ). 


Operculum Ratios of lengths in individuals 


opecies 
sp. near obsoletus 
enustus 
tristriatulus 


‘opulicaris 


us 
} 
multipunctatus 
imesi Colorado 
Utah 


glyphicus 


M isSissipp1 
haematopotus 


Utah 


Florida 
furens 
hauer 


tonei Texas 


Utah 


Respiratory 
Trumpet 
Length 
(microns ) 


148 / 
150( 147-155) / 
330 (329-332) ; 
329 (316-341 ) , 
265 (265-267 ) / 
272 (272-273) 
183 (180-186) /; 
202 (201-202 ) / 
194(185-201) /4 
190 (174-207 ) /9 
201 (190-215) /6 
251 (237-259) /5 
237 (226-251) /7 
204 (199-208 ) /2 
218 / 
196 (185-210) / 
196 (186-208 ) 
164( 161-167) 
152( 147-155) / 
177 (174-178 ) / 
178 (167-194) / 
182( 161-201 )/ 
223 (212-231 ) ; 
212 
161(160-163) /2 
213(210-216) /2 
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224 /2 
237 (221-253) /8 
172(167-177) /2 
196 (194-199) /2 
253 (237-259) /4 
238 (235-242) /2 


V estiture, 

Length of Respiratory 
Longer Trumpet Lateral Corners 
Spines a.m. of Operculum 

(microns ) Bristle — a.m. Bristle 


Distance Between 
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60 /1 
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3.7 (3.6-3.8) /2 
3.6(2.9-4.1) /4 
5.2 /1 
6.1(6.0-6.2)/2 
5.9(5.8-6.0)/2 
5.8 /1 
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2.3 
4.3 
4.4 
4 
3. 


"0(3.9-4.0) /2 
6 /1 
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that have a respiratory trumpet greatly narrowed and 
distinctly convoluted immediately beyond the distad 
basal spiracular opening. In addition to melleus, 
which is fully distinct from all the other species 
covered, it is evident that three species groups are 
formed—multipunctatus-jamesi-hieroglyphicus, stonet, 
and_ footei-haematopotus-furens-baueri. The latter 
four species are here considered a related group be- 
cause of the great similarity in both the features of 
the respiratory trumpet and the chaetotaxic charac- 
teristics. This close association indicates that the 
absence of certain characters of the male genitalia 
need not exclude a species from a particular category 
at a higher-than-species level; examples of such 
characters are an aedeagus with subapical projec- 
tions (furens lacks this structure), and a lobed para- 
mere stem (baueri not have this character). 
However, many of the species that the author has 
available are singletons, in that an obviously closely 
related species was not available for study; it is pos- 
sible that furens and baueri fall into this category. 
Sometimes it i to 
very similar to the one under study before finally 
determining what characters are important in re- 
lating it to other species. The examination of a 
species closely related to stonei should indicate a 
character adequate to separate it from. the footet- 
haematopotus-furens-baueri complex. 

It is apparent that the pupal classification given 
here does not completely conform to that usually 
given for adult characters. On many 
pupal characters, furens appears to be more closely 
related to Selfia, footei-haematopotus, baueri, and 
stone: than to normally included under 
Oecacta, the subgenus for which furens is the type 
species. With the material of North American species 
that the author has available for study, it appears that 
the placement of a species such as stellifer in a 
“furens group” (Khalaf 1954) is incorrect, and that 
Oecacta should not be used as the subgenus that 
includes many of the “species groups” of authors— 
groups that include such guttipennis, 
villosipennis, biguttatus, and spinosus. 

Even though the pupal characteristics are very 


de eS 


is necessary examine a_ species 


the basis of 


species 


species as 
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similar, it appears that the subgenus Selfia cannot 
be placed in Oecacta because of the great differences 
in adult characters. An effort was made to dis- 
associate Selfia from these other apparent close rela- 
tives, but only two useful characters were found, 
both them minute. Although the d./. tubercle 
character seems to be definite and may rank as pri- 
mary above the character of the respiratory trumpet, 
in many slide preparations it very difficult to 
determine whether two or three bristles are present, 
and therefore this character is given little value in 
the key. 

It is important that the data in table 1 be further 
with from 


of 


is 


substantiated by comparison specimens 
other geographical areas and environmental condi- 
tions. It is equally important to determine whether 
the structure of other species closely related to those 
included in this paper falls properly into the cate- 
gories of bristle thickness and length used, and also 
if these characterizations hold for a species through- 
Che 
number of specimens used was often intentionally 
limited because it was felt that a more detailed study 
of the variations within species would be of increased 
value if based on diverse material instead of on that 


out its geographical and environmental range. 


from one habitat. 

In addition to the many chaetotaxic characters in 
table 1 that at this time have value only at the species 
level, there are many, besides those used in the key, 
that have value at higher levels. For example, in 
sp. near obsoletus, d.p.m.’s No. 1 and 2 are reversed 
so that the bristle of No. 2 is the longer, more deli- 
of On d.’s No. 1 and 2 in the sub- 

Hoffmania, and Culicoides, the 
is the longer, whereas in the other 


cate the two. 
genera Avaritia, 
bristle of No. 2 
species the bristle of No. 1 is the longer, except for 
footei where they are subequal. Uniformity of data 
for a group of characters is also useful; it should 
be clearly indicative of close species relationships, 
as exemplified by the similarity of thickness for all 
bristles of the last eight species in table 1. 

In summary, it is apparent that the classification 
of the pupal stage will considerably increase our 
knowledge of the phylogeny of Culicoides, in addition 


Table 4.—Some important adult characters for species having a respiratory trumpet that is greatly narrowed and 
distinctly convoluted immediately beyond distad basal spiracular protuberance. 


Number of 
spermathecae 
apparent 


Wing 
Species pattern 

unmarked 
unmarked 
unmarked 
light spots 
light spots 
light spots 
light spots 
unmarked 
unmarked 


0 
0 
0 


multipunctatus 
james 
hicroglyphicus 
footei 
haematopotus 
furens 

baueri 

stonet 

melleus 


- 


MMrbdopot 


Parameres 


Character 


Ventral 
root 


be va the “ 1k 


Aedeagus 
with 
subapical 
projections 


Paramere 
tip 
with 
spines 


Paramere 
stem 


fused lobed 


yes 
yes 
yes 
no 
no 
no 
no 
no 
no 
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to adding a large number of characters for species 
separations. To arrive at more definite conclusions 
regarding species relationships, the study of addi- 
tional species is necessary, especially those that are 
very closely related. The examination of additional 
species, besides showing the presence of various 
unique structures, will undoubtedly reveal the im- 
portance of characters that are now thought to be of 
little value. The adequacy of many characters used 
in this paper for both species definition and for 
establishing relationships between species can finally 
be determined only by the examination of specimens 
collected from widely separated geographical areas 
and different environments. It should be added that 
the larval characters are certain to be of importance. 
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SCIENTIFIC NOTES 


Honey as a Constituent in Biological Media’ 


RALPH L. GHENT anp ROGER A. MORSE 


Department of Entomology, Cornell University, Ithaca, 
New York 


Honey is frequently mentioned as a component in media 
for the culture of insects and other animals. The quality 
of the honey seldom seems to be a consideration. This ar- 
ticle is intended to draw attention to some of the varia- 
tions that exist between different honeys. 

Honey is gathered from several hundred species of 
plants. Enzymes then added by the bees catalyze the hy- 
drolysis of the sucrose in the plant secretion to glucose 
and fructose. Other nonenzymatic materials may be added 
during this inversion, but their identity is not certain. The 
bees also reduce the water content of the honey to about 
15% to 18% (generally higher in the east and lower 
in the dryer areas of the west). For an account of the 
processes involved in the transformation from nectar to 
honey the reader is referred to Ribbands (1953). 

The beekeeper removes the honey from the comb and 
usually sells it, unfiltered and unpasteurized, to a packer. 
Because the American housewife prefers a crystal-clear 
product, most honey is filtered by packers to remove 


1 Accepted for publication November 25, 1960. 


pollen grains. Most packers also pasteurize honey to pre- 
vent fermentation by the yeasts normally contained, and 
in this heating process (usually at 160° F.) enzymes and 
other proteins are also broken down. 

The yeasts most prevalent in honey belong to the genus 
Zygosaccharomyces, an osmophilic genus which can grow 
in sugar media with a total solids content up to 80%. The 
number of yeast cells varies from one lot of honey to an- 
other, and between different areas within a single con- 
tainer. Martin (1957) has shown that honey tends to 
absorb water from the atmosphere even when stored in 
commercial ccatainers, and that yeast cells multiply rapidly 
on the surface, although the mean water content of the 
total sample may be below 18%. Since yeasts synthesize 
some vitamins, their numbers could have an appreciable 
effect in critical media. 

The degree of hygroscopicity of honey is indicated by 
the data in table 1, taken from the thesis by Martin 
(1957). He found that honey of 17.4% moisture is at 
equilibrium with the atmosphere at 58% R.H., and honey 
of 33.9% moisture is at equilibrium at 81% R.H. 

Most honey will crystallize readily, although the rate 
of crystallization varies between honeys of different plant 
sources. Tupelo and sage honeys are notably slow to 
crystallize, whereas aster honey forms large, hard crystals 
in a few days. This in no way harms the honey; and, if 
necessary, the crystals may be redissolved by placing the 
container in a water bath at about 120°-130° F. Crystal- 
lization takes place most rapidly at 57° F. (Dyce 1931). 
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Table 1.—Effect of exposure to atmosphere on moisture 
content of honey initially containing 16.2% water. 
Percent moisture 

after 7 days 


Percent 
relative humidity 


93 34.2 
81 25.9 
76 23.8 
66 18.8 
58 16.2 
52 16.0 
32 13.9 


As honey crystallizes, the solid granules take up relatively 
less water than the liquid phase, thus increasing the water 
content of the liquid by about 3% (Martin 1957) and 
allowing a more rapid multiplication of yeasts. 

The main contaminant in honey is pollen, a highly nu- 
tritious material used also as food by the bees. Goillot 
and Louveaux (1955) have shown that there is a rather 
rapid upward migration of large pollen grains and clumps 
of pollen grains in honey stored in large vessels, while 
smaller grains migrate at a lower rate. To ensure uni- 
formity in aliquots for media in critical experiments, it 
would therefore be advisable to stir the honey well before 
removing samples. 

To evaluate the effect of clarification on the particulate 
content of honey we examined several samples, both 
filtered and unfiltered, in 50% dilution in a hemocytometer. 
The results are given in table 2. Samples 7 and 8 were 


drained directly from the comb, whereas samples 4, 5, 


Table 2.—Effect of filtration and method of extraction 
on the particulate content of honey. 
Sample Filtered Pollen* Yeast* 
Absent 
Absent 
Absent 
Present 
Present 
Present 
Present 
Present 


0.333 
Yes 0.00 
Yes 0.087 
No 6.33 
No 4.59 
No 1.87 
No 0.754 
No 0.691 


Yes 


Duk wlhe 


oO 


averages of 12 counts in a volume of 0.1 
were too numerous to count jn unfiltered 
absent. 


a Pollen counts are 
cu. mm. Yeast cells 
samples, and were recorded as present or 


and 6 were extracted by the process normally used by 
commercial beekeepers. A certain amount of pollen is in- 
evitably added to the honey by this process. 

Because honey is gathered from so many species of 
plants, there is a great deal of variation in its color and 


in the amounts of its minor constituents. As a general 
rule, darker honeys contain more of these minor con- 
stituents and consequently are better foods than lighter 
honeys. 

Analyses of light and dark honeys have been published 
by Schuette in several papers, and a composite table of 
these analyses is given by Grout (1946). An illustration 
of some of the differences to be found is provided by the 
potassium content, which averages 205 milligrams per 
kilogram in light honeys, 1,676 milligrams per kilogram 
in dark honeys. 

That the differences existing between light and dark 
honeys may be of some significance in cultures is shown 
clearly by figure 1. This shows the fermentation rates, 
measured by carbon dioxide loss, of two unfiltered, un- 
pasteurized samples of honey, one dark and one light. 
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The dark buckwheat honey (upper curve) fermented 
at about twice the rate of the light clover honey, indicating 
the presence of more minor constituents necessary for 
yeast growth in this honey. In this experiment, the fer- 
mentation was conducted in 1-gallon cider jugs, using 2 
pounds of honey and 2 quarts of water, the final sugar 
concentration being the same in both samples. 

The results shown in figure 1 are from a thesis by 
Morse (1953) on the production of honey wine. Other ex- 
periments recorded in that thesis show that the addition 
of phosphate salts and organic acids to even the diluted 
buckwheat honey is necessary to allow a fermentation 
rate equal to that of grape juice. Fermentation was al- 
most impossible with a light, filtered, unpasteurized honey, 
and similarly treated dark honey showed a lower rate 
than the clover honey in figure 1. 


Fic. 1—Fermentation rates of clover (lower curve) 


and buckwheat (upper curve) honeys by a wine yeast. 


If the user is interested only in adding carbohydrates 
to a medium, any honey will serve the purpose, but 
common sucrose or dextrose would probably be equally 
satisfactory. If the diet is a critical one, a reserve of 
honey should be accumulated, for no two lots are the 
same. 

Honey, as sold in a grocery store, usually is filtered 
and pasteurized. Dark honey provides more food value 
than similarly treated light honey, and is probably prefera- 
ble for a medium whose formula specifies “honey.” For 
critical media, it would be advisable to purchase directly 
from a beekeeper, rather than from a large packer, to 
ensure quality. 


REFERENCES CITED 


1931. Fermentation 
Cornell Univ. Agric. 


crystallization 
Sta. Bull. 


and 
Expt. 


Dyce, C. E. 
of honey. 
528: 3-76. 

Goillot, C., and J. Louveaux. 
pollen in liquid honey at 
Apiculteur 99; 23-31. 

Grout, R. A. 1946. The hive and the honey bee. 
Hamilton, III.: Dadant & Sons. 633 pp. (p. 489.) 

Martin, E. A. 1957. An analysis of hygroscopicity 
and some crystallization phenomena in relation to 
the fermentation of honey. Unpublished thesis, Cor 
nell University, Ithaca, N. Y. 

Morse, R. A. 1953. The fermentation of diluted honey. 
Unpublished thesis, Cornell University. 

Ribbands, C. R. 1953. The Behaviour and Social Life 
of Honeybees. London: Bee Research Association, 
Ltd. 352 pp. (pp. 210-15.) 


1955. 


Sedimentation of 


rest. (Translated title.) 





ANNALS OF THE ENTOMOLOGICAL SOCIETY OF AMERICA 


New Records of North American 
Macrochelidae (Acarina: Mesostigmata) 
and Their Predation Rates on the House Fly' 


RICHARD C, AXTELL 


Department of Entomology, Cornell University, 
Ithaca, New York 


Three species of Macrochelidae (Acarina: Mesostig- 
mata) not previously reported from North America have 
been repeatedly collected from cow and horse manure 
in New York State in 1959 and 1960. These are 
Vacrocheles robustulus (Berlese, 1904) (= Macrocheles 
rothamstedensis Evans & Browning, 1956); Macrocheles 
subbadius (Berlese, 1904) (not Evans & Browning, 
1956); and Glyptholaspis confusa (Foa, 1900) (= 
female only Macrocheles plumiventris Evans & Brown- 
ing, 1956). Macrocheles medarius Berlese, 1889, reported 
previously from Canada (Chant 1960) but not from the 
United States, was repeatedly collected. Macrocheles 
muscaecdomesticae (Scopoli, 1772) (= Macrocheles 
muscae Ewing, 1913) was also repeatedly collected from 
domestic animal manure. 

Identifications were verified by Alessandro Filipponi, 
Instituto Superiore di Sanita, Rome, Italy, who has access 
to the Berlese collection and has published extensively 
on the Macrochelidae (1955, 1957, 1960). The synonymies 
of M. robustulus and M. subbadius are by Filipponi 
(1961) and the synonomy of M. muscaedomesticae by 
Pereira and de Castro (1945). 

The rates of house fly (Musca domestica L.) egg and 
first-instar larva destruction by the adult females of four 
species were compared, using mites reared in the presence 
of cow feces and house fly eggs. New cultures of each 
species were established 2 months prior to this study from 
20 females of each species taken from existing laboratory 
cultures which had been established the previous summer 
from infested horse and cow manure. 

To determine the number of eggs and _ first-instar 
larvae destroyed per mite, 15 house fly (CSMA strain) 
eggs laid during the preceding 8 hours were placed on a 
moistened green blotting paper rectangle (1 x 0.5 in.) in 
a 3-dram polystyrene vial with polythylene “snap cap.” 
One adult females mite was placed in each vial and held 
at 80°-82° F. After 12 hours the mite was transferred 
to another vial containing fresh eggs and blotting paper. 
The number of intact first-instar fly larvae and the num- 
ber of collapsed egg chorions were counted per vial. 
The difference between these counts was the number of 
eggs and first-instar larvae destroyed by the feeding mite. 
The final number of eggs and first-instar larvae destroyed 
per mite per day per replicate is based on six counts made 
at 12-hour intervals during a 3-day period. In the 
course of this study 1440 counts were made and mite 
nymphs were found in the vials on 38 occasions. 

The accuracy of this counting method was investigated 
by maintaining control vials containing eggs but no mites 
for five successive 12-hour periods simultaneously with 
the first replicate of the experiment. Counts were made 
on a total of 50 such control vials, with the number of 
intact fly larvae equaling the number of collapsed chorions 
in all vials except three. A total of four collapsed chorions 
was counted in excess of the number of intact larvae 
out of a total of 305 collapsed chorions, giving a counting 
error of 1.3%. 

A randomized complete block design was used with 
each treatment composed of 10 mites in individual vials. 


1 This investigation was carried out during the tenure of a 
Predoctoral Fellowship from the National Institute of Allergy and 
Infectious Diseases, United States Public Health Service. Ac- 
cepted for publication June 23, 1961. Partial cost of publication 
of this note was met by the United States Public Health Service. 
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Six replications were made over a 26-day period. The 
results are presented in table 1. 

Interspecific differences between ranked means of num- 
ber of eggs and first-instar larvae destroyed per mite per 
day were compared using the Student-Newman-Keuls 
test. The difference between M. muscacdomesticae and 
M. subbadius was not significant at the 0.05 probability 
level. All other possible comparisons were significant at 


that level. 


Table 1.—Rates of house fly egg and first-instar larva 
destruction by adult females of four species of Macro- 
chelidae. 


Intra- 

Stand- specific 

ard variance 

Species Mean®* error Range (s*) 

G. confusa 99 
M. robustulus 

M. muscaedomesticae 

M. subbadius 


0.97 . a 21. 
0.32 aa >; 2 
0.35 : ; 37 
0.09 a 0.8 


~ 
ae] 


Analysis of variance: 
SS MS 
259.9 86.6 
4.6 0.9 
30.7 2.1 


minw mn 


Treatment 
Replicates 
Error 


— 


a Number of eggs and first-instar larvae destroyed per mite per 
day 

» Significant at 0.01 probability level. 

© Not significant 


Intraspecific variances (s*) of M. muscaedomesticae 
and M. robustulus, compared by the F-test, were not 
significantly different at the 0.05 probability level. All 
other possibile comparisons were significant at that level. 

These results indicate that several species of Macro- 
chelidae should be considered in any investigation of the 
role of mites as natural control agents of the house fly. 
The frequency of occurrence of these Macrochelids in 
domestic animal manure and factors influencing their 
predation rates on house fly eggs and larvae are cur- 
rently being investigated. 
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A Tergal Abnormality in the German 
Cockroach, Blattella germanica (L.)' 


MARY H. ROSS ann DONALD G. COCHRAN? 


Virginia Agricultural Experiment Station, Blacksburg 


During the investigation of a wing mutation in the 
German cockroach (Cochran & Ross 1961), sib-matings 
of some of these mutant roaches were made for several 
generations. From certain of these crosses there appeared 
roaches in which the body was twisted in a most unusual 
but consistent manner. Thus far attempts to mate twisted 
males and females have been unsuccessful. Twisted cock- 
roaches have been successfully crossed with normal cock- 
roaches, however, and normal-appearing offspring were 
produced. Most of these roaches were accidentally lost 
prior to maturation, but the trait has continued to appear 
in the inbred line which first produced it. More recently 
a few specimens have been found in other inbred lines as 
well. To date 15 twisted roaches have appeared in the 
original inbred line (3 in the F:, 3 in the Fs, and 9 
in the F;). A genetical basis for the trait is thus indicated, 
but as yet the mechanism is not clear. Therefore, the 
present note is primarily a morphological description of 
the abnormality. 

Modifications of body segments are known to occur in 
other insects. For example, spiraling and partial or com- 
plete absence of segments in Drosophila have been de- 
scribed (Green 1940, 1959). Likewise, a partial reduc- 
tion in segment size has occurred in the cockroach 
Blaberus giganteus (Fisk and Brass 1961). It appears 
that these modifications are not analogous to the present 
abnormality. On the other hand, a situation quite closely 
resembling that described here, involving incomplete 
tergites, has been found in a parthenogenetic strain of the 
cockroach Pycnoscelus surinamensis (Roth and Willis 
1961). It was suggested that this aberration may be com- 


SCIENTIFIC NOTES 


Fic. 1.—An adult male (left) and a partially grown 
nymph (right) of the German cockroach showing ab- 
normal fusion of the tergites. In the adult male the 
anomaly occurs in the thorax and again in the abdomen. 
In the nymph it occurs only in the thorax. 


Fic. 2—A. A line drawing showing the details of a tergal abnormality similar to those 


pictured in fig. 1. 


(S-S). 


mon in the parthenogenetic strain. If true, this would 
make the analogy appear even closer because it would 
mean that in both Pycnoscelus and Blattella the trait oc- 
curred in lines with limited genetic resources. Finally, 
specimens of Blaberus giganteus have also been found 


1This work was partially 
U. S. Public Health Service. 
1961. 

2 The assistance of E. M. Raffensperger in studying the mor- 
phology of the German cockroach is gratefully acknowledged. 


supported by a grant from the 
Accepted for publication March 2, 


B. A normal cockroach showing the prominence of the scuto-scutellar ridge 


with abnormalities similar to those of Pycnoscelus and 
Blattella (Fisk and Brass 1961). 

In German cockroaches the twisted appearance is the 
result of an anterior, apparently incomplete tergite on the 
left side of the body, and an apparently incomplete tergite 
on the right side located somewhat more posteriorly. 
These tergites are separated by one, two, or three com- 
plete but abnormal tergites. The first partial tergite gives 
the roaches a characteristic twist. This curvature is 
terminated by the posterior partial tergite (fig. 1). 
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In the first three abnormal cockroaches found, which 
were siblings, the left partial tergite occurred immediately 
behind the normal pronotum and bore the left forewing 
(fig. 2A). This was followed by a complete tergite bear- 
ing the left hindwing and right forewing. Moving pos- 
teriorly, the next complete tergite bore the right hind- 
wing. This was followed by another complete but ab- 
normal tergite and then by the right incomplete tergite. 
The remainder of the abdomen was normal. In these 
roaches the scuto-scutellar ridge, which is very prominent 
on the metathorax of normal roaches (fig. 2B), was 
divided, the left half being on the tergite bearing the left 
hindwing and the right half on that bearing the right 
hindwing (fig. 2A). 

The three twisted cockroaches from the F.2 and the 
nine from the Fs showed a number of variations of the 
trait. In the Fe. the abnormality was limited to the 
thoracic tergites. In one case the prothorax was involved 
but not the metathorax (fig. 1, nymph). In others, the 
roaches were similar to the first three, except that the 
two apparently incomplete tergites were separated by one 
instead of three complete tergites. In the Fs the ab- 
normality was limited to the abdomen in all but one 
specimen. In this single specimen the abnormality 
occurred in the thorax and again in the abdomen (fig. 1, 
adult). Also in the Fs; there were a number of speci- 
mens in which one or two abdominal tergites showed a 
strong median indentation or break, similar to that shown 
by Roth and Willis (1961, fig. 3, upper left). In all 
specimens the pleural and sternal portions of the ab- 
normal segments appeared to be completely normal. 

The deformations described in this paper undoubtedly 
occurred sometime during embryonic development. At 
the time of dorsal closure there is adequate opportunity 
for such a malfusion to take place along the middorsal 
line. If, at this time, there occurred a forward shifting 
of the lateral plates on the left side in relation to those 
on the right, abnormalities of the nature described herein 
would be expected. Such a malfusion might be caused by 
partial failure of the mechanism controlling symmetrical 
development. To explain the observed facts, however, it 
must be assumed that the failure may occur at any point 
along the line of fusion. 
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Some Drosophilidae (Diptera) from the 
Galapagos Islands’ 


MARSHALL R. WHEELER’ 


Drosophila immigrans Sturtevant was reported from 
the Galapagos by Curran (1934), and as far as I have 
! Accepted for publication February 27, 1961. : 

2 Department of Zoology, The University of Texas, Austin, 
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been able to determine this is the only species of the 
Drosophilidae recorded from these little-known islands. 
Among some Drosophilidae sent to me by workers at the 
U. S. National Museum for identification were 45 speci- 
mens from the Galapagos, representing four species, col- 
lected by K. Vinton during July and August 1948. 
Drosophila immigrans was not among them. The four 
additional species records are as follows: 

Drosophila simulans Sturtevant. There are 42 speci- 
mens, from Chatham I. and Baltra I.; many of them were 
reared from oranges. This is a near-cosmopolitan species, 
tending to replace the closely related D. melanogaster in 
tropical and subtropical regions. 

Drosophila nebulosa Sturtevant. One — specimen, 
Chatham I., also reared from oranges. The species is 
widely distributed in the Neotropical region. 

Drosophila species undetermined. One female, in poor 
condition, from Santa Cruz Il. The general appearance is 
immigrans-like, but the absence of the comblike row of 
black teeth along the inner side of the front femur 
shows that it cannot be that species. 

Gitona brasiliensis Costa Lima. One specimen, Santa 
Cruz I. Costa Lima (1950) described the species from 
the vicinity of Rio de Janeiro, Brazil, from specimens 
reared from the ensign coccid, Orthesia praelonga on 
citrus plants, and from O. insignis. It appears to be an 
obligate parasite (or larval predator). There are 14 
additional specimens of brasiliensis in the National Mu- 
seum collection, also reared from Orthezia: 7, “ex 
Orthesia insignis on Croton,’ St. Augustine, Trinidad, 
B. W. L., Feb. 1952, F. D. Bennett; 2, “from Orthezia 
on citrus,” St. Augustine, Trinidad, B. W. I., July 1951, 
F. J. Simmonds; and 5, from “maggots feeding on 
Orthesia,” Piura, Peru, C. H. Townsend. 

In view of the fact that Orthezia insignis, the green- 
house orthezia (approved common name), although pri- 
marily tropical, has become distributed throughout the 
world on ornamental greenhouse plants, Gitona brasilien- 
sis may be even more widespread than the above records 
indicate. 
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Structural Abnormalities in the Giant 
Cockroach, Blaberus giganteus (L.) 
(Blattaria: Blaberinae)' 


FRANK W. FISK ann CHARLES L. BRASS 
Department of Zoology and Entomology 
Ohio State University, Columbus 10 


During the routine handling of a culture of Blaberus 
giganteus (Linn.) a nearly full-grown nymph with an 
asymmetrical abdomen (figures 1 and 2) was discovered. 
The anomaly consisted of a unilateral loss of the third 
abdominal segment from the left side. As can be seen 
from the photographs the third abdominal tergite and 
sternite are present on the right side only. Soon after 
the nymph was isolated it moulted to the last nymphal 
instar—presumably the sixth or seventh instar in this 
species, according to Nutting (1953)—at which time it 
was photographed by the junior author (figure 1). About 
2 months later it emerged as an adult female with the 
anomaly still intact and unchanged. To test the herita- 


1 Accepted for publication March 20, 1961. 
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Fic. 1—Dorsal aspect of female 
Blaberus giganteus, last nymphal in- 
star, showing absence of third ab- 
dominal somite on left side. 


bility of this aberrant trait first one and then two males 
were placed with this female in a separate container. 
This species, like Blaberus craniifer Burm., is ovovivi- 
parous (Roth and Willis 1954). Relatively small litters 
of young appeared in October and late November with 
a total of 27 nymphs. Nymphs of the first litter all 
appeared normal, but from the second group two ab- 
errant individuals were noted in the second instar (figures 
3 and 4). The female nymph (figure 3) shows the second 


abdominal tergite appearing normal on the right margin 
but narrowing medianly until it disappears at the mid- 
line. Next posterior is a complete tergite, normal in shape 


aspect of exuvia of the 
The hind legs have been 
sternites. 


Fic. 2.—Ventral 
nymph in figure 1. 
removed to expose the abdominal 


SCIENTIFIC NOTES 


Fic. 3—Dorsal aspect of third instar female 
nymph, F: generation 
but peculiar in position, since it has one tergite anterior 
to it on the left and two on the right hand side. Pos- 
terior to this complete tergite there is on the left side 
another wedge-shaped tergite, normal at the margin, but 
narrowing to extinction on the midline. Frong here back 
the tergites are complete and normal except fér a median 
notch on the posterior margin of the “fifth” térgite. This 
specimen then has two wedge-shaped tergites one on 
either side of the dorsum which do not appear to be addi- 
tions or reductions, since the total number of tergites 
counting along either right or left margin is normal for 
the species. Also, these aberrations are limited to the 
dorsum, for the sternites all are complete and normal. 


Fic. 4.—Dorsal aspect of third instar male 


nymph, F; generation. 
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The male (figure 4) is similar to the female just de- 
scribed, except that the right wedge-shaped tergite is just 
posterior to the third tergite and the left wedge-shaped 
tergite is found two segments posterior to this, that is, 
just anterior to the seventh abdominal segment. There 
is no notch. As with the female Blaberus, these aberra- 
tions are limited to the abdominal tergites. It is hoped 
that these anomalous nymphs will reach maturity and 
that the frequency of the aberrations can be markedly 
increased by inbreeding as was shown by Green (1959) 
with Drosophila melanogaster Meig. 

The aberrant nymphs reported above appear very much 
like those reported by Ross and Cochran (1961) for 
Blattella germanica (Linn.) and by Roth and Willis 
(1961) for the parthenogenetic strain of Pycnoscelus 
surinamensis (Linn.). The latter authors found that in 
their cultures 12% of the progeny of unmated (normal) 
parthenogenetic females were aberrant, while 20% of the 
progeny of females “forced” to mate with males of the 
bisexual strain of the same species were aberrant. Also, 
these mated females exhibited markedly reduced fertility. 
In confirmation of these findings we noted about 18% 
of a very small culture of parthenogenetic Pycnoscelus 
in our laboratory to be aberrant. As reported by Roth 
Willis the aberrations in all cases “were restricted 
of the abdomen and, occasionally, the 


and 
to the tergites” 
thorax. 
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The aberrant female first discovered exhibited a dif- 
ferent sort of anomaly in that the asymmetry involved 
both tergite and corresponding sternite on the same side 
in a unilateral reduction of segmentation. It is not clear 
at this point whether these two types of abnormalities in 
Blaberus cockroaches are related, but we are continuing 
inbreeding to gain additional evidence. 
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EDITORIAL 


An Important Russian Entomological Journal 


Entomologicheskoe Obozrenie, journal of the Rus- 
sian All-Union Entomological Society, is now in 
its fortieth volume. Published in the Russian lan- 
guage, its contents have not been readily available to 
most workers outside the Russian orbit. In 1958, 
however, the translation of this journal into English 
was included in a project of the American Institute 
of Biological Sciences, financed by a grant from 
the National Science Foundation; and there are now 
available complete, dependable translations of volumes 
37, 38 and 39, under the title Entomological Review. 
The current volume is being translated without undue 
delay as soon as it appears (the journal is a 
quarterly). Members of the Society who are not 
familiar with Entomological Review will be interested 
to know that it covers the whole field of entomology. 
For example, the last complete volume (vol. 39, com- 
prising 737 pages in the translated edition) contains 
papers on the biology and control of various insect 
pests; on the ecology of certain pest groups; on the 
biological control of some species, including such 
widely distributed pests as the European corn borer 
and the diamondback moth; on insect morphology, 


histology and physiology; on experiments to deter- 
mine the effects of radiation on certain species; and 
on geographical distribution and taxonomy. For 
taxonomists, indeed, the publication is indispensable. 
Volume 39 includes numerous papers in this field, 
which contain original descriptions of 19 new genera 
and 115 new species representing 11 different orders. 
In addition, there are new combinations of scientific 
names, new synonyms, keys, first descriptions of 
the opposite sex of various species previously known 
only from either the male or the female, redescrip- 
tions of little known species, and solid contributions 
to the knowledge of larval classification of certain 
groups. A publication of such scope and significance 
should not be ignored, especially since it is now 
available in translated form. Information concern- 
ing distribution and cost may be obtained from the 
American Institute of Biological Sciences, 2000 P 
Street, N. W., Washington 6, D. C. 


*. W. MUESEBECK, 
.. National Museum 
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